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1886 — Dr.  Huntington    Richards Concord,   N.   H 

1898— Dr.  Charles  W.  Richardson.  1317  Connecticut  Ave Washington,   D.   C. 

1909— Dr.  Walter  Roberts 1732   Spruce  St Philadelphia.    Pa. . . 

1919— Dr.  Charles  M.  Robertson. .  32  N.  State  St Chicago.    Ill 

1875— Dr.  John   D.   Rushmore. . . .  129  Montague   St Brooklyn.  N.  Y 

1915— Dr.  W.   E.   Sauer 201   Humboldt  Bldg New   York   City... 

1912— Dr.  T.    Laurence    Saunders.  120  E.  61st  St New  York.  N.  Y.. 

1904 — Dr.  George  E.  Shambaugh.  People's   Gas   Bldg Chicago,    111 

1890— Dr.  John  B.   Shapleigh Grand  &  Washington  Aves. . . .  St.   Louis,   Mo 

1906— Dr.  Warren   S.   Shattuck. . .  160  Clinton  St Brooklyn.    N.   Y. . . 

1912— Dr.  Burt    R.    Shurly 32  Adams  Ave.  W Detroit,  Mich 

1906— Dr.  E.  Terrv  Smith 36  Pearl  St Hartford.  Conn. . . . 

1909— Dr.  S.    MacCuen   Smith. ...  1429  Spruce  St Philadelphia.    Pa... 

1906— Dr.  Sargent  F.   Snow 707  University  Block Syracuse.  N.  Y 

1909 — Dr.  Selden    Spencer 2725    Washington    Ave St.  Louis.  Mo 

1904— Dr.  Franklin  M.  Stephens . .  19  West  54th  St New  York,  N.  Y. . 

1910— Dr.  Joseph  A.  Stucky Favette  Nat'l.  Life  Bldg Lexington.   Ky 

1914— Dr.  Edward  Blair  Sutphen .  162  South  St Morristown.  N.  J . . 

1886— Dr.  Theron  Y.  Sutphen ...  999  Broad  St Newark,   N.   J 

1901— Dr.  Lewis  H.  Taylor 82  South  Franklin  St Wilkes  Barre.  Pa. . 

1912— Dr.  J.   J.    Thomson 3  Park  Ave Mt.  Vernon.  N.  Y. . 

1914 — Dr.  George  L.  Tobey 416  Marlborough   St Boston,   Mass 

1906— Dr.  Joseph   A.   White 200  East  Franklin  St Richmond.    Va 

1921 — Dr.  Leon  E.  White 390  Commonwealth  Ave Boston,   Mass 

1906— Dr.  Ernest  de  Wolfe  Wales  1236  Pennsylvania  St Indianapolis,  Ind. . . 

1906— Dr.  D.    Harold   Walker. ...  390    Commonwealth   Ave Boston,   Mass 

1891— Dr.  Edward   Wheelock 26   Gibbs    St Rochester.   N.  Y... 

1896— Dr.  Fred  Whiting 19  West  47th  St New  York,  N.  Y. . 

1912 — Dr.  John    Gordon    W^ilson  104  S.  Michigan  Ave Chicago,    111 
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MEMBERS. 


HONORARY  MEMBERS 
(Deceased) 


Prof.  A.  Graham  Bell 
Dr.  E.  H.  Clarke 
Dr.  Edward  L.  Holmes 
Dr.  Herman    Knapp 


A.   Mathewson 
A.  F.  Mayer 
E.    Williams 


MEMBERS 
(Deceased) 


Dr.  Frank    W.   Abbott 

Dr.  John   L.   Adams 

Dr.  C.  R.  Agnew 

Dr.  W.    F.   Akin 

Dr.  H.  P.  Allen 

Dr.  Edwin  W.  Bartlett 

Dr.  Clarence   J.    Blake 

Dr.  John    P.    Davidson 

Dr.  J.  H.  Dix 

Dr.  E.   Dwyer 

Dr.  E.  P.   Ely 

Dr.  Edward    Fridenberg 

Dr.  Blancome  E.  Fryer 

Dr.  John  Green 

Dr.  Emil    Gruening 

Dr.  Neil  J.  Hepburn 

Dr.  James   Hewitt 

Dr.  Christian    R.    Holmes 

Dr.  Edgar  M.  Holmes 

Dr.  Joseph  A.  Kenefick 

Dr.  Jordan   King 

Dr.  Charles    J.    Kipp 

Dr.  D.  Braden  Kyle 

Dr.  J.  W.  Lawton 

Dr.  W.   S.    Little 

Dr.  C.   J.   Lundy 

Dr.  Stephen   H.  Lutz 

Dr.  G.   Hudson-Makuen 


Dr.  Read  J.   McKay 

Dr.  Horace   J.   Miller 

Dr.  W.  W.  Moreland 

Dr.     James   E.  H.  Nichols 

Dr.  Henry   Noyes 

Dr.  J.  F.   Noyes 

Dr.  Oren  D.  Pomeroy 

Dr.  Barton    H.   Potts 

Dr.  Wm.   Rankin,  Jr. 

Dr.  J.  M.   Ray 

Dr.  Stephen   O.   Richey 

Dr.  Charles  E.  Rider 

Dr.  F.  W.  Ring 

Dr.  Arthur   W.   de   Roaldes 

Dr.  William  K.  Rogers 

Dr.  D.  B.  St.  John  Roosa 

Dr.  Samuel  B.  St.  John 

Dr.  Wm.  W.  Seely 

Dr.   Henry   L.  Shaw 

Dr.  Edmund   D.   Spear 

Dr.  Frank  Sprague 

Dr.  George  T.  Stevents 

Dr.  George  Strawbridge 

Dr.  William  Thomson 

Dr.  Robert  Tilley 

Dr.  J.  J.  B.  Vermyne 

Dr.  Frederick  M.  Wilson 
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The  fifty-fifth  annual  meeting  of  the  American  Otological 
Society  was  held  at  the  Hotel  Raleigh,  Washington,  D.  C, 
(the  Wednesday  morning  session  being  held  at  the  building 
of  the  District  of  Columbia  Medical  Society)  May  1st,  2nd 
and  3rd,  1922. 

The  following  members  and  guests  registered  at  the 
meeting: 

MEMBERS 


DR.  H.  S.  BIRKETT 

DR.  THOMAS  J.  HARRIS 

DR.  ROBERT  LEWIS 

DR.  GEORGE  B.  McAULIFFE 

DR.  DON  M.  CAMPBELL 

DR.  GEORGE  F.  FISKE 

DR.  JAS.  F.  McKERXON 

DR.  J.  G.  DWYER 

DR.  J.  A.  STUCKY 

DR.  RICHARD  JORDAN 

DR.  EMIL  AMBERG 

DR.  S.  MacCUEN  SMITH 

DR.  JOSEPH  C.  BECK 

DR.  WENDELL  C.  PHILLIPS 

DR.  LEWIS  H.  TAYLOR 

DR.  C.  G.  COAKLEY 

DR.  J.  A.  WHITE 

DR.  J.  M.  INGERSOLL 

DR.  E.  B.  DENCH 

DR.  F.  L.  JACK 

DR.  FRANCIS  P.  EMERSON 

DR.  J.  CLARENCE  KEELER 

DR.  L.  W.  DEAN 

DR.  R.  B.  CANFIELD 

DR.  EDMUND   P.   FOWLER 

DR.  B.  ALEX.  RANDALL 

DR.  J.  GORDON  WILSON 


DR.  ISAAC  H.  JONES 
DR.  CALVIN  B.  FAUNCE 
DR.  HANAU  W.  LOEB 
DR.  G.  E.  SHAMBAUGH 
DR.  E.  B.  GLEASON 
DR.  E.  A.  CROCKETT 
DR.  JOHN  F.  BARNHILL 
DR.  HERBERT   HARLAN 
DR.  D.  H.  WALKER 
DR.  HARRY  FRIEDENWALD 
DR.  JAMES  F.  McCAW 
DR.  O.  A.  M.  McKIMMIE 
DR.  THERON  W.  SUTPHEN 
DR.  JESSE  W.  DOWNEY 
DR.  MAX  A.  GOLDSTEIN 
DR.  GEORGE  M.  COATES 
DR.  E.  BLAIR  SUTPHEN 
DR.  E.  W.  DAY 
DR.  HUGH  B.   BLACKWELL 
DR.  W.   SOHIER   BRYANT 
DR.  RALPH  BUTLER 
DR.  WALTER   ROBERTS 
DR.  WILLIAM  C.  BRAISLIN 
DR.  JOSEPH  H.  BRYAN 
DR.  R.  BISHOP  CANFIELD 
DR.  WELLS  P.  EAGLETON 
DR.  ISIDORE  FRIESNER 
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DR.  FRANCIS  R.  PACKARD 
DR.  NORVAL  H.  PIERCE 
DR.  FRANK  T.   HOPKINS 
DR.  E.  TERRY  SMITH 
DR.  BURT  R.  SHURLY 
DR.  ERNEST  U.  BUCKMAN 
DR.  WM.  SCOTT  RENNER 


DR.  THOMAS  HUBBARD 
DR.  JAMES  E.  LOGAN 
DR.  HARRIS  P.  MOSHER 
DR.  CHAS.  W.  RICHARDSON 
DR.  LEON  WHITE 
DR.  JOHN  B.  RAE 


GUESTS 


DR.  F.  X.  O'CONNOR 
DR.  W.  F.  POWELL 
DR.  G.  C.  ALBRIGHT 


DR.  W.  T.  GARRETSON 

DR.  J.  K.  M.  DICKIE 

DR.  H.  DARRELL  HAIDRY 
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MINUTES. 
Business  Meeting. 

Tuesday,  May  2nd,  9  a.  m.,  The  President,  Dr.  H.  S.  Birkett, 
Presiding. 

The  Minutes  of  the  last  meeting  were  read,  and  after 
correction,  order  approved. 

The  following  nominations  for  membership  were  made: 

Dr.  J.  K.  M.  Dickie,  Ottawa.  Proposed  by  Dr.  J.  G.  Wilson ; 
seconded  by  Dr.  J.  F.  McKernon. 

Dr.  Lewis  Fisher,  Philadelphia.  Proposed  by  Dr.  T.  J. 
Harris ;  seconded  by  Dr.  S.  MacCuen  Smith. 

Dr.  Perry  Goldsmith,  Toronto.  Proposed  by  Dr.  E.  R. 
Lewis ;  seconded  by  Dr.  E.  B.  Dench. 

The  Secretary  presented  his  report  as  Treasurer  of  the 
Society,  for  the  year  just  ended. 

Upon  motion,  duly  seconded,  the  report  was  ordered  received 
and  placed  on  file. 

Upon  motion,  duly  seconded,  the  President  was  authorized 
to  appoint  an  auditing  committee  to  audit  the  Treasurer's  books. 
He  appointed  Drs.  Emerson  and  Lewis. 

Treasurer's  Report 
Expenditures  for  1921-1922. 
June     7,  1921     V.  B.  Alvarez   (Expenses  at  Atlantic 

City)    $30.50 

June  15,  1921     Alfred  Moore  (Lantern) 15.00 

June  16,  1921     Postage 4.00 

June  27,   1921     \'.    B.    Alvarez     (Reporting    Annual 

Meeting)  95.06 

Nov.      5,  1921     Clerical  Hire 50.00 

Jan.      9,  1922     Postage 6.65 

March  2,  1922     Mercury  Publishing  Co 784.56 

April  19,  1922     Postage 2.00 

April  19,  1922     Thomas  J.  Harris  (Bank  Exchange  for 

the  year)    2.42 

Total $1013.94 
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1922— April  29th 

Balance  brought  forward  from  June  1,  1921 $  304.77 

Receipts  during  year  June  1,  1921  to  April  27,  1922.  .    1479.00 

$1783.77 
Expenditures  as  above 1013.94 

Balance $  769.83 

Dr.  Dench,  as  Chairman  of  the  Committee  on  the  Standard- 
ization of  Tuning  Forks,  presented  the  following  report : 

The  Committee  recommends  for  functional  examination : 

First:  A  low  fork  standardized  which,  clamped,  must  give 
as  a  lower  limit  26  double  vibrations  per  second  and  varying 
pitches  beyond  this  to  64  double  vibrations  undamped. 

For  the  testing  of  bone  conduction  either  a  C.  256  or  C.  572 
fork,  whichever  is  the  better  made,  with  the  addition  of  a  broad 
base. 

The  ordinary  Galton  whistle  for  the  determination  of  the 
upper  tone  limit.  This  instrument  while  inaccurate  from  the 
point  of  view  of  the  physicist,  is  the  instrument  most  available. 

The  Committee  proposes  to  take  steps  to  have  these  instru- 
ments more  accurately  made,  and  this  can  probably  be  done. 

It  is  to  be  understood  that  this  is  the  minimal  equipment 
and  that  great  value  can  be  obtained  from  intermediate  forks. 
The  cost  of  the  minimal  equipment  will  be  about  $25. 

The  Committee  suggests  that  it  be  continued  and  at  the 
next  meeting  a  proper  blank  be  presented  for  recording  the 
results  of  functional  examinations. 

EDWARD  B.  DENCH,  M.  D. 

Chairman. 

Upon  motion,  duly  seconded,  the  report  was  ordered  received 
and  placed  on  file. 

Upon  motion,  duly  seconded  and  carried,  the  Committee  was 
ordered  to  be  continued  and  to  report  at  the  next  annual 
meeting. 
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Discussion: 

Dr.  E.  A.  Crockett  said  he  did  not  want  to  criticise  the 
deliberations  of  the  Committee,  but  he  did  not  consider  the 
Galton  Whistle  much  good ;  nothing  short  of  the  Edelman 
was  worth  while. 

Dr.  Dench  said  the  Committee  had  been  up  against  the  fact 
that  it  was  impossible  for  everybody  to  purchase  an  Edelman 
at  $40.,  also  a  set  of  Kernig  rods  at  $35.  That  put  the  equip- 
ment out  of  reach  of  the  younger  men. 

Dr.  McKernon  said  he  had  worked  on  the  Galton  Whistle 
a  good  deal,  and  he  had  brought  out  a  purer  tone;  if  one 
substituted  8  inches  of  rubber  tubing  instead  of  the  bulb,  it 
diminished  the  air  puffing. 

Dr.  Shambaugh  said  that  with  a  tube  and  mouth  piece  one 
got  rid  of  the  puffing  sound. 

Dr.  Randall  said  he  had  had  many  whistles  made  in  Phila- 
delphia and  had  originated  a  Galton  Whistle  in  the  physical 
laboratory  of  the  University  of  Pennsylvania,  which  closely 
approached  the  Galton.  The  ordinary  commercial  whistle  made 
was  a  mongrel. 

The  Committee  on  Oto-sclerosis  reported,  and  requested  that 
the  Committee  be  continued. 

The  Committee  on  the  Deaf  Child  reported  progress.  Dr. 
Richardson,  as  Chairman,  asked  that  the  Committee  be  con- 
tinued, to  present  a  report  at  the  next  annual  meeting. 

On  motion,  duly  seconded,  and  carried,  the  above  committees 
were  ordered  to  be  continued. 

Dr.  Richardson  reported  for  the  Committee  on  Arrangements. 
It  was  moved,  seconded  and  carried,  that  the  Committee  of 
Arrangements  be  thanked  for  its  services. 

Upon  recommendation  of  the  Council,  it  was  moved,  seconded 
and  carried  that  an  assessment  of  $15.  per  member  be  made 
for  current  expenses. 

Report  of  the  Necrologist. 

The  Necrologist,  Dr.  B.  Alex.  Randall,  reported  the  death 
of  Dr.  John  Orne  Green.  The  following  notice,  prepared 
by  Dr.  Henry  Lee  Morse,  was  presented : 
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JOHN  ORNE  GREEN,  (June  7,  1841— Jan.  5,  1922). 

The  Society  has  suffered  this  year  the  loss  of  one  of  its 
oldest  members,  our  former  President,  Dr.  J.  O.  Green,  who 
was  probably  known  to  all  too  few  of  the  present  membership. 
One  of  the  founders,  he  served  nine  years  as  Secretary-treas- 
urer, the  second  of  the  three  who,  in  that  capacity,  guided  the 
affairs  of  the  Society  through  its  first  thirty  years,  and  in  1881- 
2-3,  was  its  President.  An  A.  B.  of  Harvard  in  '63,  he  graduated 
from  its  Medical  School  in  '66  and  spent  several  years  in  the 
study  of  Aural  Surgery  in  Berlin,  Vienna  and  Wuertzburg. 
Settling  in  Boston  and  serving  on  the  Staff  of  the  City,  the 
Masachusetts  General  and  the  Eye  and  Ear  Hospitals,  he 
early  gave  instruction  in  our  specialty  and  became  Clinical 
Professor  of  Otology  in  Harvard  in  1888-94.  He  contributed 
in  '98  the  chapter  "Operation  on  the  Ear"  to  the  American 
Textbook  of  the  Diseases  of  the  Eye,  Ear,  Nose  and  Throat, 
and  a  few  other  masterly  papers  to  our  literature;  but  retired 
in  1898  and  was  all  too  rarely  present  at  our  meetings.  Yet 
a  man  so  sane  and  competent  lives  long  and  valuably  in  the 
ideals  and  work  of  his  pupils  and  associates ;  and  Orne  Green 
must  be  counted  one  of  those  modest  worthies  who  lives  on 
in  the  achievements  of  many  followers,  who  may  but  partially 
have  realized  the  formative  influence  of  his  teaching.  I  met 
him  but  four  or  five  times,  yet  would  claim  to  be  one  of  his 
disciples. 

One  who  knew  Dr.  Green  well,  and  worked  with  him  for 
years,  said  of  him :  "Professionally  he  was  a  careful,  pains- 
taking, and  skilful  surgeon,  who  gave  the  very  best  thought 
and  care  to  every  case  that  came  before  him ;  and  as  a  man,  he 
was  a  modest,  kindly  and  delightful  gentleman,  with  whom  it 
was  a  great  pleasure  to  be  associated." 
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Upon  motion  duly  seconded  and  carried,  it  was  moved  that 
as  Dr.  Green  had  no  family,  a  copy  of  the  report  be  forwarded 
to  the  Trustees  of  the  Eye  and  Ear  Infirmary  at  which  institu- 
tion Dr.  Green  had  been  an  active  worker. 

A  recommendation  from  the  Council  was  then  made  in  regard 
to  the  establishment  of  a  special  journal  dealing  with  otolaryn- 
gology. The  trustees  of  the  A.  M.  A.  were  considering 
favorably  the  editing  of  such  a  publication,  if  a  request  for 
same  were  received  from  the  three  societies  and  their  endorse- 
ment were  obtained.  The  Council  favored  such  an  endorse- 
ment of  the  project. 

Dr.  Shambaugh  said  this  matter  had  come  up  before,  and 
the  objections  which  held  in  the  past  had  disappeared.  These 
related  to  the  financial  question.  Now  it  was  felt  that  the 
editors  did  not  want  to  publish  the  Transactions  of  the  Society 
in  the  general  columns  of  the  Journal  of  the  A.  M.  A.  and 
would  rather  have  a  special  journal  to  deal  with  it.  The 
establishment  of  a  high  class  journal  would  stimulate  the 
ideals  of  the  younger  men.  Finally  the  A.  M.  A.  would  assume 
financial  and  editorial  responsibility. 

Dr.  Dench  asked  how  this  would  aflfect  special  journals  now 
in  existence.  The  Annals  of  Otology  and  the  Laryngoscope 
had  done  excellent  work.  Was  there  enough  good  material  for 
three  special  journals. 

Dr.  Shambaugh  said  that  the  field  for  a  new  journal  would 
quickly  become  clear,  and  that  the  old  journals  to  which  they 
owed  a  debt  of  gratitude  would  not  be  discouraged  or  detracted 
from. 

Dr.  Dench  said  that  it  was  frankly  a  matter  of  having  a 
journal  of  a  higher  type. 

Dr.  Shambaugh  said  that  the  new  A.  M.  A.  building  was  now 
complete  and  that  there  was  room  for  conducting  new  journals, 
which  made  it  a  favorable  time  for  societies  who  desired  a 
special  journal  to  bring  forward  their  request. 

Dr.  Randall  said  that  the  Otological  Society  was  the  senate 
of  otological  interest  in  the  country,  and  should  stand  for  the 
highest  type  of  publication.  He  favored  offering  an  invitation 
to  the  A.  M.  A.  to  publish  such  a  journal. 
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The  matter  of  further  unifying  the  subjects  of  otology  and 
laryngology  was  brought  forward  by  Dr.  Birkett,  who  suggested 
that  a  sub-committee  be  appointed  by  the  Otological  Society 
to  confer  with  a  similar  committee  of  the  Laryngological 
Society,  to  report  at  the  next  Annual  Meeting. 

It  was  moved,  seconded  and  carried  that  the  Chair  be  author- 
ized to  appoint  such  a  committee. 

The  Chair  announced  that  Drs.  McKernon,  Jack  and  Mac- 
Cuen  Smith,  were  appointed  to  serve  on  this  committee. 

The  Council,  acting  as  a  Nominating  Committee  made  the 
following  report: 

President-r-Dr.  G.  E.  Shambaugh,  Chicago. 

Vice-President — Dr.  John  B.  Rae,  New  York. 

Secretary-Treasurer — Dr.  Thomas  J.  Harris,  New  York. 

Additional  Member  of  Council — Dr.  L.  W.  Dean,  Iowa  City. 

It  was  moved,  seconded  and  carried  that  the  report  be 
received  and  placed  on  file. 

The  following  men  were  recommended  by  the  Council  for 
active  membership  in  the  Society  : 

Dr.  Wesley  C.  Bowers,  New  York. 

Dr.  H.  P.  Cahill,  Boston. 

Dr.  Clifton  L.  Miller,  Richmond,  Va. 

It  was  moved,  seconded  and  carried  that  the  Secretary  be 
instructed  to  cast  one  ballot  for  the  candidates  named.  This 
being  done  they  were  thereupon  declared  duly  elected. 

The  Secretary  called  attention  to  the  coming  International 
Otological  Congress  in  Paris,  and  said  that  any  members  pre- 
paring to  go,  would,  upon  application  be  given  certificates  as 
delegates. 

The  resignation  of  Dr.  Crouch  of  Baltimore  was  presented. 

It  was  moved,  seconded  and  carried  that  the  resignation  be 
accepted. 

Dr.  Emerson  for  the  Auditing  Committee  reported  that  the 
books  of  the  Treasurer  had  been  examined  and  found  correct. 

It  was  moved,  seconded  and  carried  that  the  report  of  the 
Council  as  Nominating  Committee  be  adopted  and  the  Secretary 
be  instructed  to  cast  one  ballot  for  the  officers  named. 
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The  Secretary  reported  that  this  was  done,  thereupon  the 
Chair  declared  them  duly  elected. 

It  was  moved,  seconded  and  carried  that  a  letter  of  thanks  be 
sent  by  the  Secretary  to  the  District  of  Columbia  Medical 
Society  for  their  courtesy  in  lending  their  building  for  the 
meeting. 

The  Chair  appointed  Dr.  Crockett  a  Committee  to  escort  the 
incoming  President  to  the  platform. 

Dr.  Shambaugh,  in  a  brief  speech,  expressed  his  appreciation 
of  the  honor  done  by  the  Society  in  electing  him  President. 

The  meeting  was  then  declared  adjourned. 


REPORT  OF  FIVE  CASES  OF  MASTOIDITIS   WITH 
ATYPICAL  SYMPTOMS. 

By  WENDELL  C.   PHILLIPS,   M.   D.   and  ISIDORE  FRIESNER,   M.   D., 

New  York  City. 

The  purpose  of  this  paper  is  to  call  attention  specifically 
to  those  cases  of  purulent  mastoiditis  which  do  not  come 
under  the  usual  classification  and  do  not  present  its  so-called 
typical  symptoms.  By  this  we  refer  to  the  drooping  of 
the  posterosuperior  canal  wall,  tenderness  on  pressure  over 
the  mastoid  cortex,  deepseated  and  continuous  pain,  fever, 
continuous  discharge  from  the  external  auditory  canal,  and 
postauricular  swelling.  It  seems  timely,  therefore,  again 
to  call  attention  to  the  fact  that  there  are  instances  of 
osteitis  of  the  mastoid  process  requiring  operative  inter- 
ference which  are  secondary  to  tympanic  infection  but  in 
which  the  tympanic  portion  of  the  disease,  so  far  as  signs 
are  concerned,  plays  a  comparatively  insignificant  role. 

In  the  cases  about  to  be  described,  the  history  shows  no 
discharge  at  any  time,  or  at  least  no  recent  discharge,  from 
the  middle  ear.  Definition  of  diseases  in  textbook  form 
must  necessarily  be  more  or  less  dogmatic  in  character ; 
hence  our  clear-cut  textbook  description  of  the  indications 
for  the  mastoid  operation.  But  as  our  studies  have  been 
more  thorough  and  more  complete,  particularly,  by  men 
of  wide  experience  in  special  hospitals,  we  have  been  forced 
to  the  recognition  of  a  rather  large  proportion  of  atypical 
cases,  and  believe  that  these  cases  are  far  more  common 
than  vve  might  otherwise  suppose.  In  other  words,  there 
are  many  operative  cases  in  which  the  majority  of  the  so- 
called  typical  symptoms  are  absent.  Many  times  patients 
present  themselves  with  characteristics  of  the  middle  ear 
and  external  auditory  canal  indicating  the  presence  of  an 
operative  mastoiditis  who  perhaps  at  some  previous  time 
may  have  had  some  of  the  so-called  classical  signs  and 
symptoms  of  mastoid  disease.    When,  however,  they  come 
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under  observation,  they  have,  with  the  exception  of  a  middle 
ear  that  gives  no  evidences  of  resolution,  no  other  cardinal 
signs  or  symptoms  of  mastoid  involvement. 

The  peculiarities  or  the  peculiar  appearance  of  these 
middle  ears  has  recently  been  described  by  Dr.  Dench.  I-n 
children,  particularly  when  the  history  of  headache  or  pain 
is  not  obtainable,  it  has  frequently  been  our  experience  to 
see  a  subperiosteal  abscess  as  the  first  evidence  of  mastoid 
disease  or  of  middle  ear  infection.  Occasionally  such  a 
subperiosteal  abscess  will  not  be  tender.  It  is  true,  of 
course,  that  this  condition  is  invariably  secondary  to  an 
infection  of  the  middle  ear,  and  in  no  case  in  which  we  have 
observed  this  state  of  affairs  have  we  been  able  to  conclude 
that  we  were  dealing  with  perfectly  a  normal  tympanum. 
Such  instances,  however,  have  been  reported,  but  we  are 
doubtful  whether  the  observers  had  taken  into  account 
minor  changes  in  the  drum,  slight  fulness  or  thickening, 
both  of  which  are  evidences  of  recent  tympanic  infection. 
Too  much  stress  has  been  put  upon  the  classical  signs  and 
symptoms  of  mastoiditis,  and  too  little  is  known  by  our 
graduates  in  medicine  concerning  severe  mastoid  infections 
in  which  most  of  the  so-called  tj'pical  symptoms  are  absent. 
It  is  a  curious  fact  that  patients  are  frequently  admitted  to 
the  services  in  general  hospitals  with  unilateral  headache 
and  tenderness  over  the  mastoid  without  any  discharge 
from  the  ear,  and  the  condition  present  is  not  suspected 
because  of  the  absence  of  a  discharge  from  the  ear.  The 
following  cases  represent  the  types  which  we  have  in 
mind: 

Report  of  Cases. 

Case  1. — E.  L.,  a  man;  more  than  two  months  before 
admission  into  the  hospital  had  a  cold  in  his  head,  followed 
by  pain  and  tinnitus  and  partial  deafness  in  the  right  ear. 
This  lasted  two  weeks  and  then  the  pain  subsided,  but  the 
deafness  persisted.  There  was  no  discharge.  A  week  or 
two  before  admission,  the  pain  in  the  right  ear  again  became 
severe  and  extended  over  the  right  side  of  the  head.    There 
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was  some  fever,  but  still  no  discharge.  A  few  days  before 
admission,  the  patient  had  a  distinct  chill.  The  left  mastoid 
had  been  operated  on  a  year  previous.  The  right  canal  was 
distinctly  narrowed.  The  drum  was  thick,  but  not  bulging. 
There  was  no  perforation  and  no  discharge.  No  landmarks 
could  be  made  out.  The  mastoid  was  tender  far  back  over 
the  emissary.  At  operation  an  enormous  perisinous  and 
epidural  abscess  was  found. 

Case  2.-^K.  H.,  a  man,  in  September  had  influenza. 
During  this  attack  he  had  some  pain  in  the  rig'ht  ear,  lasting 
a  few  days.  He  was  confined  to  bed  one  week.  When  he 
was  up  and  about  again  he  complained  of  tinnitus  and  some 
stufhness  in  the  right  ear.  At  no  time  was  there  any 
discharge.  Early  in  October  he  consulted  an  able  otologist, 
and  during  the  months  of  October,  November  and  December 
was  under  his  care.  The  treatment  consisted  of  inflation, 
the  usual  care  of  a  tubotympanic  catarrh.  All  this  time, 
however,  the  patient  complained  of  unilateral  headache. 
December  31,  he  consulted  one  of  us.  At  that  time  there 
was  a  narrowing  of  the  canal  toward  the  tympanum.  The 
drum  was  thick  and  lusterless,  but  not  bulging.  The  short 
process  could  be  seen  as  well  as  a  little  of  the  hammer 
handle.  There  was  no  tenderness  over  the  mastoid  proper, 
but  somewhat  farther  back  there  was  distinct  tenderness 
over  the  region  of  the  sinus.  The  diagnosis  of  perisinous 
abscess  was  made,  and  an  operation  was  advised.  A  large 
perisinous  and  epidural  abscess  was  found.  No  myringo- 
tomy was  performed.  Healing  was  uneventful.  The  patient 
was  discharged  at  the  end  of  nine  weeks,  with  hearing  of 
twenty-six  double  vibrations,  whisper  at  25  feet  and  posi- 
tive Rinne  test. 

Case  3. — D.  B.,  a  man,  had  been  treated  for  nose  trouble, 
probably  sinusitis,  but  without  apparent  ear  complications, 
nine  months  before.  Five  weeks  before  he  had  a  severe 
attack  of  pain  in  the  left  ear  and  the  left  temporal  region. 
External  swelling  soon  became  marked,  and  he  sought 
relief  in  the  ear  service  of  the  Manhattan  Eye,  Ear  and 
Throat  Hospital.    The  external  swelling  was  so  extensive, 
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partially  closing-  the  external  auditory,  canal,  that  the  ma- 
jority of  the  staff  considered  it  to  be  furunculosis.  He  then 
consulted  an  otologist  at  his  office,  who  opened  the  ear 
drum,  but  no  discharge  followed.  At  no  time  during  the 
subsequent  treatment  was  there  any  discharge  from  the 
external  auditory  canal.  The  external  swelling  extended 
anteriorly  until  it  involved  both  left  eyelids ;  when  we  saw 
him,  both  eyelids  were  edematous.  At  this  time  a  roent- 
genogram disclosed  extensive  involvement  of  a  large  pneu- 
matic mastoid.  Arrangements  were  made  for  operation, 
but  the  man  disappeared  for  about  a  week  , reporting  that 
the  external  swelling  had  subsided.  It  returned,  however, 
and  became  so  extensive  that  the  left  eye  was  entirely 
closed  and  the  eyelids  of  the  right  eye  were  considerably 
swollen  and  edematous.  Mastoid  operation  was  then  per- 
formed, and  a  large  cortical  perforation  was  found  at  the 
root  of  the  zygoma.  An  enormous  abscess  involved  the 
soft  tissue  of  the  temporal  and  parietal  region  of  the  scalp. 
He  also  had  a  very  large  perisinous  abscess,  and  the  dura 
of  the  middle  cerebral  fossa  was  denuded  over  a  wide  area. 
He  made  a  rapid  and  uneventful  recovery,  with  good 
hearing. 

Case  4. — Dr.  Hays,  of  the  Section  on  Otology,  New  York 
Academy  of  Medicine,  April  14,  1922.  reported  the  history 
of  a  child,  aged  4  years,  who  had  temperature  of  about 
102  F.  for  three  days,  accompanied  by  grippal  symptoms. 
Then  there  was  a  mild  attack  of  scarlet  fever  with  a 
temperature  of  about  103°  for  a  few  days  longer,  when  the 
temperature  became  normal.  Three  weeks  later  the 
attending  physician,  a  pediatrician,  found  a  large  cervical 
gland  on  the  left  side  of  the  neck,  immediately  below  the 
mastoid  bone,  and  a  temperature  of  103°.  There  was  no 
complaint  of  pain,  but  examination  revealed  the  external 
auditory  canal  so  swollen  that  it  was  impossible  to  obtain 
a  view  of  the  drum.  Mastoid  tenderness  was  present,  but 
the  child  did  not  appear  to  be  ill  and  did  not  complain  of 
pain.  Mastoiditis  being  suspected,  a  roentgenogram  was 
made  which  showed  evidences  of  breaking  down  the  mas- 
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toid  cells.  Operation  disclosed  a  large  quantity  of  pus  in 
the  mastoid,  and  a  perisinous  and  epidural  abscess.  Imme- 
diately after  operation  the  temperature  became  normal,  and 
convalescence  was  rapid  with  good  hearing.  The  ear  drum 
was  not  punctured,  and  there  never  has  been  any  discharge 
from  the  external  auditory  canal. 

Case  5. — A.  R.,  a  woman,  early  in  December  had  had  pain 
and  tinnitus  in  the  right  ear.  At  first  the  pain  was  severe 
and  fairly  constant ;  but  after  the  administration  of  some 
drugs  by  the  local  physician  the  severe  pain  ceased.  The 
tinnitus,  however,  continued,  and  at  intervals  during  the 
day  there  were  shooting  pains  over  the  right  side  of  the 
head.  There  was  never  at  any  time  discharge  from  that 
ear.  For  two  days  before  coming  to  the  office  she  noticed 
a  small  swelling  far  back  behind  the  mastoid  region.  The 
left  ear  was  normal.  The  right  tympanum  was  very  much 
thickened  so  that  no  landmarks  were  visible.  Hearing  in 
the  left  ear  was  normal.  The  Weber  test  was  referred  to 
the  right  ear,  the  low  tone  limit  raised  and  the  hearing  for 
whisper  considerably  diminished.  January  19,  simple  mas- 
toid operation  was  performed.  The  mastoid  was  extensively 
diseased.  A  firm,  beet-like,  organized  granuloma  shut  off 
the  antrum  out  of  the  aditus.  Corresponding  to  the  swell- 
ing behind  the  mastoid  there  was  a  perisinous  al)scess  in 
which  the  sinus  lay  exposed,  covered,  however,  with  granu- 
lation tissue  for  al)out  1  inch  behind  the  knee,  and  1^4 
inches  in  front  of  the  knee.  The  wound  healed  rapidly. 
She  heard  the  w'hisper  at  20  feet,  and  twenty-six  double 
vibrations ;  the  Rinne  test  was  positive ;  the  Weber  test 
was  referred  to  the  right.  The  postauricular  wound  was 
healed  in  a  firm  scar.  The  patient  was  seen  again  one 
year  later,  and  during  the  interval  had  no  trouble  with  the 
right  ear. 

Five  similar  cases  were  seen  within  six  weeks  of  the 
one  occuring  in  1919.  Two  of  these  cases  occurred  in 
private  practice.  Three  of  the  patients  were  operated  on 
in  Dr.  Phillips'  service  at  the  Manhattan  Eye,  Ear  and 
Throat  Hospital. 
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Conclusions 

We  feel  justified  in  bringing  this  to  the  attention  parti- 
cularly of  the  teachers  of  otology.  The  observation  of  so 
many  cases  of  this  nature  in  so  short  a  time  is,  to  our 
minds,  an  evidence  of  the  frequency  with  which  they  occur. 
Fuithermore,  the  fact  that  in  virtually  every  instance  no 
diagnosis  was  made  or  even  suspected  until  the  patients 
came  into  the  hands  of  the  otologists  seems  to  us  an 
evidence  of  the  fact  that  both  textbooks  and  teachers  are 
wanting  in  their  failure  adequately  to  describe  this  condition 
to  students. 

Discussion. 

Dr.  E.  A.  Crockett,  Boston :  I  think  that  these  cases  that 
Dr.  Friesner  describes  are  extremely  important  to  the 
otologist.  One  explanation  of  these  atypical  cases  exists 
in  the  infantile  type  of  mastoid  with  a  small  cortex  and 
single  antral  cell.  There  is  a  thick  outer  cortical  wall. 
These  cases  cannot  occur  in  the  pneumatic  type  of  mastoid. 
Where  the  X-ray  shows  you  an  infantile  type  of  mastoid 
the  obscure  symptoms  may  be  referrable  to  this  cause.  A 
case  I  had  last  year  is  an  illustration  of  the  extreme 
condition  this  variety  of  case  may  come  to.  The  patient 
was  a  doctor's  daughter,  a  girl  of  12.  The  father  took  care 
of  the  case.  She  was  suffering  from  earache  which  lasted 
for  a  few  hours  and  then  subsided.  Two  weeks  later  she 
had  malaise,  headache,  temperature,  vomiting  and  had  to 
be  taken  out  of  school.  She  was  sent  to  the  country  to 
recuperate.  She  was  then  seen  by  a  well  known  pediatri- 
cian, who  said  the  ear  drum  was  normal,  but  noted  that  the 
child  dragged  the  leg  on  the  same  side  as  the  affected  ear 
and  asked  of  there  was  any  connection.  He  sent  the  child 
in  for  further  examination  and  she  presented  double  optic 
neuritis  and  typical  cerebellar  ataxia  with  depressed  pulse 
rate.  A  deep  cerebellar  abscess  was  found  with  strepto- 
coccus mucosus  in  pure  culture,  but  no  capsule.  The  child 
made  an  uneventful  recovery. 
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The  pediatrician  was  willing  to  call  for  help  in  this 
obscure  case.  Some  of  these  cases  escape  observation 
altogether  and  die  of  acute  cerebro-spinal  meningitis.  This 
class  of  cases  is  the  prime  reason  for  early  and  repeated 
X-ray  examination,  which  will  show  you  that  there  is 
something  wrong.  Medical  examination  will  show  nothing. 
X-raying  children  is  difficult  because  the  child  won't  keep 
still  and  that  makes  the  plate  cloudy,  but  still  the  X-ray 
will  reveal  points  that  would  escape  observation.  Another 
point  is  the  avoidance  of  paracentesis  in  mastoid  operation 
when  you  have  a  perfectly  free  drainage  by  the  attic  and 
antrum  cell.  You  have  a  better  drainage  this  way  than  by 
the  .tympanum.  The  cases  do  just  as  well  as  with  a  routine 
paracentesis  in  the  course  of  the  operation. 

Dr.  J.  G.  Dwyer,  New  York:  What  organisms  were 
found  in  that  series  of  cases? 

Dr.  I.  Friesner :  I  don't  remember  all  of  them.  They 
were  not  all  mucosus ;  one  was  a  pneumococcus  and  two 
were  hemolytic  streptococcus. 

Dr.  Thomas  J.  Harris,  New  York:  Drs.  Phillipps  and 
Friesner  have  touched  a  chord  which  will  appeal  to  every 
man  doing  otological  surgery.  Every  one  of  us  has  encoun- 
tered just  such  cases.  The  subject  is  not  a  new  one.  It 
has  been  written  about  from  time  to  time  in  the  last  14 
or  15  years.  To  make  the  conclusions  of  Drs.  Crockett 
Phillipps  and  Friesner  of  real  value,  we  should  like  to  hear 
some  deductions.  We  all  recognize  that  there  are  atypical 
cases ;  hundreds  are  reported,  but  will  they  tell  us  what  we 
can  deduce  from  this  study.  Dr.  Crockett  made  a  valuable 
deduction  in  regard  to  the  X-ray  pictures,  but  we  wish 
he  would  tell  what  he  thinks  about  disregarding  classical 
symptoms ;  and  in  the  absence  of  these, —  the  drooping  of 
the  canal  wall  and  tenderness  over  the  mastoid,  what 
weight  does  he  attach  to  the  type-of  bacterial  organisms? 
I  think  the  subject  is  old  enough  and  the  number  of  cases 
large  enough  to  draw  definite  conclusions  as  to  distinct 
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symptoms  which  point  to  mastoid  involvement  and  demand 
operation ;  or  have  we  reached  the  point  where  we  have 
decided  that  they  are  not  of  leading  value  and  can  be 
disregarded?  Some  men  feel  that  we  have  put  too  great 
weight  on  these  signs ;  one  worker  states  that  drooping  -of 
the  canal  wall  is  exceptional.  It  does  not  do  for  us  to  wait 
until  the  patient's  life  is  in  danger. 

Dr.  F.  T.  Hopkins,  New  York :  Was  there  any  noticeable 
diminution  of  hearing  in  these  cases? 

Dr.  Norval  H.  Pierce,  Chicago :  The  answer  to  this 
inquiry  we  might  say  is  the  work  of  Wittmaack.  The 
normal  pneiimatization  of  the  temporal  bone  means  that 
the  entire  mastoid  is  occupied  by  air  cells  which  have  very 
thin  walls,  which  are  covered  by  muco-periosteum,  which 
shows  under  the  microscope  an  endothelioid  epithelium, 
very  thin,  and  arranged  in  one  or  two  layers.  The  sub- 
epithelial tissue  cannot  be  separated  into  layers,  but 
constitutes  one  very  thin  homogeneous  layer.  When  this 
type  of  mastoid  becomes  inflamed  it  is  usually  by  the 
streptococcus  mucosus  capsulatus,  there  is  swelling  of  the 
delicate  muco-periosteum,  and  at  a  given  time — about  three 
weeks — we  get  a  decalcification  of  the  bony  walls  of  the 
pneumatic  spaces  and  an  abscess  formation,  one  cell  break- 
ing into  another,  and  in  this  way  extension  and  inflam- 
mation in  the  direction  of  the  sinus,  or  it  may  be  upwards 
and  backwards  to  the  meninges.  In  other  words,  the 
extension  of  inflammation  in  normal  pneumaticized  mas- 
toids is  by  continuity  and  contiguity  of  this  softening 
process.  This  is  the  classical  mastoid  picture,  beginning 
with  pain  and  slight  infiltration,  in  any  case  of  severity, 
over  the  mastoid  fossa,  which  usually  disappears  in  a  day 
or  so,  and  if  the  decalcification  occurs  this  pain  on  pressure 
recurs  at  the  end  of  two  or  three  weeks.  We  usually  have 
periosteal  infiltration  as  an  accompanying  manifestation 
of  mastoid  suppuration  in  this  type  of  mastoid.  On  the 
other  hand,   if  pneumatization  has  been  arrested  to   any 
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considerable  extent  (and  this  arrest  occurs  with  far  greater 
frequency  than  we  have  hitherto  believed)  then  we  are  apt 
to  have  quite  a  different  pathological  process.  Instead  of 
a  thin  muco-periosteum  we  have  a  thick  muco-periosteum.. 
and  instead  of  the  endothelioid  epithelium,  we  have  a  thick, 
more  cuboid  epithelium  or  ciliated  epithelium,  and  a  thick 
sub-epithelial  tissue  with  more  or  less  of  the  old  myxoma- 
tous tissue  which  formerly  filled  the  cavum  and  antrum  in 
fetal  life.  This  thick  tissue  serves  to  protect  the  bone 
against  inflammatory  softening,  while  it  is  more  liable  to 
inflammation  than  the  normal,  muco-periosteum.  It  is 
richer  in  blood  supply  and  the  thick  bone  underneath  is 
resistent  to  the  softening,  decalcifying  process.  It  has  low 
grade  vitality  compared  to  the  normal  tissue,  and  is  subject 
to  inflammation  tending  to  chronicity.  These  cases  produce 
the  chronic  running  ear  with  and  without  cholesteatoma. 

How  do  complications  occur  in  these  cases  when  arrest 
of  pneumanitization  is  marked?  They  do  not  occur  by 
continuity  of  the  softening  process  as  in  the  normal  mas- 
toid. They  are  blood-borne  inflammations  or  osteophlebitic, 
and  it  is  a  characteristic  of  these  arrested  pneumanitization 
cases  that  there  are  abnormal  vascular  communications 
between  the  thick  walled  pneumatic  spaces,  the  meninges, 
the  lateral  sinus  and  the  jugular  bulb. 

We  must  study  these  cases  more  intensively.  In  my 
experience  they  constitute  the  atypical  mastoid  cases,  and 
the  lesson  we  can  carry  away  is  what  Dr.  Crockett  empha- 
sized; that  is,  to  pay  more  attention  to  the  x-ray  findings. 
It  is  my  opinion  that  in  every  case  of  suppurative  otitis 
media  of  any  severity,  the  x-ray  should  be  employed  at  the 
very  outset  as  a  routine  matter,  before  there  are  symptoms 
referable  to  the  mastoid.  In  that  way  we  can  tell  whether 
we  have  arrested  pneumatization  or  if  we  have  the  normally 
pneumatized  mastoid,  and  we  can  watch  the  progress  of 
the  disease  and  in  many  cases  foretell  its  progress. 

Dr.  Emil  Amberg,  Detroit :  I  would  like  to  ask  what  the 
blood  count  revealed  in  the  case  reported. 
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Dr.  Edward  B.  Bench,  New  York :     The  whole  question 
of  atypical  mastoid  cases  is  a  very  interesting  one.    Very 
soon  the  atypical  cases  will  be  the  typical  ones,  and  vice 
versa.    I  remember  a  case  of  a  young  boy  who  four  weeks 
before  he  was  admitted  to  my  ward  at   St.   Luke's,  had 
earache  two  days.    His  temperature  was  106°  on  admission. 
He  was  perfectly  happy,  had  no  pain  and  complained  of 
nothing  except  slight  tenderness  at  the  angle  of  the  jaw. 
There  was  no  mastoid  tenderness  on  either  side  and  the 
right  drum  membrane  appeared  normal.     On  the  left  side 
there  was  a  slight  sinking  of  the  upper  wall  of  the  canal, 
it  was  very  slight  and  within  normal  limits.     The  X-ray 
showed  slig'ht  cloudiness  on  both  sides.     The  white  blood 
count  was  15,000,  polys  7Z  per  cent.     The  temperature  then 
fell  to  101°  and  I  was  congratulating  myself  that  I  had 
not  done  an  unnecessary  operation,  when  the  temperature 
shot  up  to  106°  again.     I  decided  to  put  a  ligature  above 
the  left  internal  jugular,  and  I  tied  off  the  facial  vein  as 
well.     I  then  rapidly  opened  the  mastoid,  and  in  spite  of 
the  X-ray  which  I  had  taken  to  the  best  man  in  New  York 
for    interpretation    to    confirm    my    opinion,    I    found    the 
mastoid  completely  broken  down  and  there  was  a  perisinus 
abscess  which  did  not  show  in  the  plate.     Having  tied  off 
the  jugular  I   curetted   out   the   sinus,   and   I   opened   the 
other  mastoid  and  found  that  also  broken  down.    The  boy 
made  a  complete  and  perfect  recovery,  the  temperature  fell 
immediately   and   he   went   out   of   the   hospital   perfectly 
well.     We  do  not  incise  the  drum  membrane  in  late  cases 
with  cloudy  X-ray.     I  am  glad  Dr.  Crockett  brought  out 
that  point.     It  should  be  for  exploratory  purposes  rather 
than  routine  practice.     I  think  Dr.  Pierce's  explanation  is 
an  excellent  one  in  so  far  as  it  is  an  embolic  process.    That 
is  the  only  explanation  for  extensive  destruction  in  a  short 
time.     The  other  cases  are  from  continuity  of  structure. 
The  X-ray  is  very  definite  in  the  cases,  but  when  infection 
is  through  the  blood  stream  with  change  from  breaking 
down,  it  is  very  deceptive. 
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In  regard  to  mastoid  cases,  we  open  them  sometimes 
and  find  the  mastoid  filled  with  granulation  tissue  and  at 
a  certain  point  the  tissue  acts  as  a  support  to  the  walls 
of  the  cells.  The  mastoid  cells  are  perfectly  definitely 
marked,  and  the  outline  of  the  cells  is  as  distinct  as  if  there 
were  no  inflammation  there.  We  don't  know  whether  the 
Case  is  going  on  to  resolution  or  to  l)reaking  down.  I  am 
heartily  in  accord  with  the  routine  practice  of  the  X-ray. 
Four  weeks  ago  we  had  a  case  where  the  mastoid  showed 
no  change,  but  later  there  was  clear  evidence  of  breaking 
down.  This  illustrates  the  necessity  in  all  cases  of  acute 
otitis,  of  taking  repeated  X-ray  pictures.  It  is  a  wise  thing 
because  you  can  compare  pictures  at  the  time  of  the  first 
acute  attack  with  those  of  the  second  attack. 

Dr.  Robert  Lewis,  New  York  :  I  would  like  to  make  a 
diflferent  observation.  My  experience  does  not  coincide 
with  Dr.  Crockett's.  I  believe  these  atypical  cases  occur 
more  often  in  the  large  pneumatic  type  of  the  mastoid 
process. 

Dr.  Wendell  C.  Philipps :  I  operated  on  one  of  these 
cases  and  it  was  the  largest  penumatic  mastoid  I  ever 
operated  on.  In  regard  to  Dr.  Harris'  observation,  I  don't 
know  whether  we  can  draw  any  deductions  or  not.  These 
cases  are  frequently  treated  in  the  general  hospitals  and 
they  do  not  primarily  come  to  the  otologists.  In  regard  to 
the  teaching  standpoint,  we  ought  to  teach  that  these  cases 
do  occur,  and  that  one  should  always  be  suspicious  of 
unilateral  headache. 

Dr.  S.  MacCuen  Smith,  Philadelphia  :  The  question  of 
early  myringotomy  is  perhaps  the  most  important  part  of 
the  treatment  of  acute  tympanic  disease.  When  such 
disease  complicates  the  exanthemata  or  other  virulent 
infection,  myringotomy  should  be  performed  early,  even 
in  the  absence  of  definite  ])ulging,  from  the  fact  that  the 
membrana  tympani  is  much  more  oblique  in  children  than 
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in  adults,  and  during  an  attack  of  otitis  media  it  does  not 
necessarily  bulge  nor  is  it  constantly  red.  Having  under- 
gone certain  changes,  it  takes  on  a  grayish  appearance, 
with  obliteration  of  the  landmarks.  Under  such  conditions 
prompt  myringotomy  is  urgently  indicated.  Dr.  Harris 
brought  up  the  question  of  sagging.  We  appreciate  the 
value  of  sagging  when  present.  It  is  an  unfailing  sign  for 
performing  a  mastoid  operation.  Cases  do  not  get  well 
without  operation  when  drooping  is  present,  but  it  only 
occurs  when  the  antrum  is  especially  involved,  as  manifested 
by  necrotic  changes  in  the  posterior  osseous  canal.  You 
may  have  cases  which  require  operation  just  as  urgently, 
when  the  lower  cells  are  involved,  without  sagging.  In 
acute  suppurative  otitis  media  the  mastoid  is  always 
involved,  but  not  in  the  sense  of  a  true  mastoiditis.  Recov- 
ery takes  place  in  the  majority  of  cases  owing  to  the  fact 
that  the  aditus  ad  antrum  remains  patulous.  I  pointed 
out  the  value  of  X-ray  examinations  to  endorse  this  prin- 
ciple. It  will  tell  us  what  is  going  on  and  enable  us  to 
appreciate  the  progress  of  the  case,  and,  furthermore, 
always  shows  the  location  of  the  sinus,  which,  from  an 
operative  viewpoint,  is  very  important. 

Dr.  George  E.  Shambaugh.  Chicago :  I  would  like  to 
ask  Dr.  Dench  a  question  which  may  be  very  simple  for 
him  but  which  has  puzzled  me  a  great  deal.  It  is  this — 
where  he  has  to  do  with  a  case  of  bilateral  otitis  media 
and  the  symptoms  point  toward  sinus  thrombosis  what 
would  be  his  procedure?  Would  he,  in  this  case,  ligate 
the  internal  jugular  before  exposing  the  sinus?  Suppose 
this  is  done  on  one  side  and  the  exposure  discloses  no 
thrombus,  would  he  proceed  in  a  similar  manner  with  the 
opposite  side?  Is  there  harm  in  ligating  the  internal 
jugular  on  both  sides? 

Dr.  Phiilipps :  I  would  like  Dr.  Friesner  to  close  the 
discussion. 
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Dr.  I.  Friesner  (closing)  :  You  cannot  ligate  both  jugu- 
lars. Dr.  Amberg  asked  about  blood  counts, — I  saw  the 
cases  at  the  same  time  a  few  hours  before  operation  and 
we  did  not  make  blood  counts.  I  think  Dr.  Harris  will 
agree  that  the  discussion  has  broug*ht  out  a  method  of 
handling  these  cases,  which  is  what  we  expected.  The 
point  is  this,  these  cases  have  been  reported  time  and  again. 
It  is  an  old  story,  yet  seeing  so  many  of  them  going 
unrecognized,  sometimes  two  or  three  months  after  otitis, 
is  some  reason  for  bringing  this  matter  to  the  attention 
of  men  teaching  otology,  so  that  they  may  point  it  out 
to  students.  In  regard  to  the  discussion  on  anatomy 
by  Drs.  Pierce  and  Crockett,  on  the  so-called  infantile 
type  of  mastoid  being  most  frequently  associated  with 
intracranial  complications,  the  work  of  Wittmaack  is 
beginning  to  make  the  reason  clear.  We  have  known 
it  clinically  for  a  long  time.  However,  the  cases  reported 
were  not  anatomically  of  the  type  Dr.  Crockett  des- 
cribed. There  are  three  types :  first,  the  large  pneumatic 
type  with  or  without  open  antrum,  in  which  the  antrum 
is  filled  with  firm  organized  granuloma ;  second,  the  large 
pneumatic  mastoid  in  which  infection  takes  place  by  con- 
tinuity along  the  cells  behind  the  posterior  canal  wall.  It  is 
plain  that  extensive  destruction  can  go  in  the  mastoid  re- 
mote from  the  antrum  since  the  latter  is  shut  out  of  the 
remainder  of  the  mastoid  and  the  antrum  and  middle  ear 
may  clear  up ;  third,  the  infantile  type  with  small  antrum, 
more  or  less  shut  out  from  the  mastoid  disease. 

Dr.  E.  A.  Crockett :  Did  you  ever  see  an  infection  caused 
by  streptococcus  hemolyticus 

Dr.  I,  Friesner  :     Yes.  in  several  instances. 

Dr.  B.  Alexander  Randall,  Philadelphia :  Does  the  an- 
trum grow  after  infancy?  Are  the  cases  pathological  or 
developmental  ? 
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Dr.  I.  Friesner :  I  do  not  know  that  anyone  has  made 
a  sufficient  study  of  the  pneumatic  mastoid  and  its  changes 
secondary  to  repeated  infection  to  answer  that.  I  believe 
it  is  developmental,  not  pathological,  in  the  sense  that 
development  is  arrested,  perhaps  secondary  to  some  patho"- 
logical  processs  in  early  childhood,  involving  both  mastoid 
and  antrum.  I  would  like  Dr.  Pierce  to  give  his  interpre- 
tation of  that. 


SOME  OBSERVATIONS  ON  THE  DIAGNOSIS  AND 
TREATMENT  OF  AURAL  COMPLICATIONS.  A 
PATHOLOGICAL  AND  CLINICAL  STUDY  OF  OVER 
1000  CASES. 

By  J.   G.  DWYRR,  M.  D.,  New  York  City. 
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The  following  observations  are  based  upon  the  experience 
of  the  writer  during  the  last  twelve  years  at  the  Manhattan 
Eye,  Ear  and  Throat  Hospital.  During  this  time,  careful 
clinical  and  pathological  histories  of  such  cases  were  kept, 
as  during  seven  years  of  this  time  he  had  charge  of  the 
Pathological  Department,  and  the  whole  intention  in 
writing  a  report  of  this  kind  is  to  present  the  whole  subject 
from  the  purely  practical  standpoint,  endeavoring  to  clarify 
some  ordinarily  obscure  conceptions  and  to  be  a  small 
aid  in  the  diagnosis  and  treatment  of  such  cases.  The 
whole  is  a  statement  of  the  practical  deductions  to  be 
drawn  from  an  intimate  study  of  hundreds  of  cases,  both 
clinically  and  pathologically,  in  addition  to  data  obtained 
at  autopsy  and  by  experimental  work. 
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The  majority  of  the  cases  were  seen  by  the  writer  in  his 
position  as  pathologist  and  in  as  many  instances  as  possible, 
every  necessary  pathological  test  was  carried  out  as  a 
routine  measure,  thus  giving  us  a  scientific  study  in  corre- 
lation with  the  clinical  study. 

The  report  will  deal  with  the  following  complications : 

(1)  Sinus  thrombosis 

(2)  Brain  abscess 

(3)  Meningitis 

I. 

Sinus-thrombosis 

The  diagnosis  and  treatment  of  sinus-thrombosis  are 
ever  present  questions  with  us  and  the  subject  will  be 
treated  under  the  following  heads,  in  order  to  visualize  at 
a  glance,  the  important  points. 

(a)  The  diagnosis,  (b)  the  operative  treatment,  (c) 
the  post-mortem  treatment. 

A.     Diagnosis: 

The  great  importance  of  a  proper  diagnosis  and  especially 
of  an  early  diagnosis,  is  recognized  by  all  and  there 
is  no  aural  condition  that  gives  us  such  a  varying  clinical 
picture  as  this  condition.  It  must  also  be  borne  in  mind 
that  there  is  a  large  percentage  of  cases  of  sinus-thrombosis 
that  are  unrecognized  as  such  and  which  clear  up  spon- 
taneously or  without  operation.  This  has  been  proven 
time  and  again  at  autopsy,  where  death  had  taken  place 
years  afterwards  from  other  causes  and  only  incidentally 
was  a  thrombosed  or  fibrous  vein  or  sinus  found.  Also, 
bearing  out  this  contention,  we  have  all  seen  clinically 
cases  that  we  are  morally  sure  are  thrombosis  cases  and 
still  the  patient  recovers  without  operation.  In  contrast 
to  these  fortunate  recoveries  we  see  cases  in  which  the 
condition  had  advanced  to  such  a  state  that  recovery  is 
impossible  and  yet  we  feel  that  if  the  diagnosis  had  been 
made  early,  we  could  have  changed  the  issue. 
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Let  us  then  consider  the  diagnosis  under  the  following 
sub-divisions:     (1)     pathological,   (2)     clinical. 

Experimental  Work: 

Before  considering  these,  we  wish  to  analyze  some 
experimental  results  obtained  in  animals  and  by  analogy 
try  to  gain  an  insight  into  what  occurs  during  the  varying 
stages  of  sinus-thrombosis  in  human  beings.  A  series  of 
experiments  were  carried  out  on  rabbits,  producing  as  far 
as  possible,  the  identical  course  of  events  in  the  thrombosis 
of  the  jugular  vein  as  occurs  in  lateral  sinus  thrombosis. 
By  exposing  the  jugular  vein  and  ligating  in  two  places 
separated  an  inch  or  so,  we  produced  a  thrombus  in  the 
vein.  The  ligatures  were  then  removed  and  the  clot  or 
vein  walls  inoculated  with  streptococci  or  staphylococci 
of  known  pathogenicity  for  rabbits.  The  clinical  course 
was  then  followed  and  the  changes  noted.  From  these 
experiments  and  from  clinical  and  operative  experience  in 
human  beings,  we  can  visualize  for  ourselves  the  patholo- 
gical course,  and  taking  all  these  findings  in  conjunction 
with  each  other,  we  can  with  fair  accuracy  outline  the 
probable  course  of  events  as  follows :  there  is  first  set  up 
a  phlebitis  of  the  vein  wall,  which  in  time  is  followed  by 
coagulation  of  the  blood  and  the  production  of  a  thrombus. 
This  thrombus  may  completely  shut  off  the  lumen  of  the 
vessel  or  only  partially,  in  the  latter  case  forming  the 
so-called  parietal  clot.  These  clots  may  be  sterile  in 
character,  although  the  cause  is  usually  septic  in  character. 
The  process  may  end  at  this  point,  even  if  pathogenic 
bacteria  are  present,  as  the  normal  bactericidal  power  of 
the  blood  may  be  sufficient  to  kill  off  the  few  bacteria 
that  gain  entrance.  The  clot  itself  may  then  be  absorbed 
with  consequent  reopening  of  the  blood  stream,  or  it  may 
become  organized  and  thus  permanently  occlude  the  vessel. 
In  either  case,  cure  results  spontaneously.  Incidentally, 
this  is  what  probably  has  taken  place  in  those  cases  in  which 
we  find  the  sinus  thrombosed,  covered  with  granulations 
and  still  absolutely  localized,  as  far  as  the  general  system  is 
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concerned  and  of  course  here  the  proper  technique  is  to 
leave  the  sinus  alone,  as  nature  has  already  set  up  better 
protection  than  we  can  give. 

If  this  fortunate  outcome  does  not  ensue,  the  next  step 
is  that  through  the  enzyme  activities  of  bacteria,  we  have 
a  further  change  in  the  clot,  the  latter  undergoing  coagu- 
lative  necrosis,  which  is  rapidly  followed  by  liquefactive 
necrosis  and  then  the  flooding  of  the  system  at  large  by 
bacteria  and  detritus,  and  unless  the  process  is  checked, 
death  ensues  from  toxemia,  septicemia  or  pyemia. 

Bearing  the  above  observations  in  mind,  let  us  now 
consider  the  pathological  diagnosis  of  sinus-thrombosis. 
The  two  important  points  in  this  diagnosis  are:  (1)  blood- 
cultures,  (2)  blood-counts. 

(1)  The  question  of  blood-cultures  is  a  very  important 
one  and  one  that  should  be  thoroughly  understood  so  that 
a  proper  interpretation  can  be  placed  upon  it.  In  the  first 
place,  it  cannot  be  too  forcibly  stated  that  the  average 
clinical  aurist  is  not  in  a  position  to  understand  blood- 
cultures  unless  he  takes  pains  'to  study  up  the  why  and 
wherefore.  By  this  we  mean  that  again  we  have  seen 
irreparable  delay  in  operating  upon  sinus-thrombosis,  just 
because  the  blood-cultures  were  negative,  the  proper 
interpretation  not  being  placed  upon  the  results.  The  point 
to  be  emphasized  here  is  that  negative  blood-cultures  have 
no  practical  meaning  on  acount  of  the  well  recognized 
limits  of  blood-culture  work  and  that  in  the  face  of  a  well 
marked  clinical  sinus-thrombosis,  there  should  be  no  delay 
in  the  operative  procedures,  simply  because  repeated  blood- 
cultures  are  negative.  A  lengthy  article  could  be  written, 
giving  the  reasons  why  we  get  negative  blood-cultures, 
where  we  should  expect  positive  ones,  and  these  reasons 
are  given  in  any  good  textbook  of  bacteriology.  Suffice 
it  to  say  that  it  is  only  in  a  relatively  small  percentage  of 
the  cases  that  the  blood-cultures  are  positive.  The  time 
of  taking  the  blood,  the  amount  of  blood,  the  number  of 
blood-cultures,  the  media,  etc.,  are  all  factors  and  are  all 
well  recognized  by  clinical  pathologists.     Again,  a  point 
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to  be  emphasized  is  the  fact  that  blood-cultures  may  only 
be  positive  at  certain  stages  of  the  disease,  or  at  certain 
times  of  the  day.  The  culture  is  more  likely  to  be  positive 
while  the  temperature  is  high  than  when  it  is  low.  The 
pathological  course  of  a  clot  as  outlined  above,  will  explain 
positive  and  negative  blood-cultures.  Time  and  again  the 
writer  has  seen  valuable  time  lost,  in  the  face  of  a  clinical 
sinus-thrombosis,  while  the  operator  waited  for  a  positive 
.report.  If  operators  will  fix  this  one  point  in  their  minds, 
many  lives  will  be  saved. 

(2)  Blood-counts:  This  is  very  important  as  a  confirmatory 
point  in  the  diagnosis.  Taking  an  average  of  hundreds  of 
blood-counts  in  sinus-thrombosis,  the  leucocyte  count  shows 
an  average  of  14,500  to  15,000  with  a  polynuclear  average 
of  78  to  80  per  cent.  These  figures  are  not  of  course 
absolute,  but  the  point  to  be  emphasized  is  that  in  the 
ordinary  case,  there  is  a  moderate  leucocytosis  with  a 
relative  increase  in  the  polynuclear  count.  This  is  a  distinct 
aid,  as  in  orxlinary  mastoiditis  the  count  is  lower,  in 
meningitis  and  generalized  encephalitis  is  much  higher  and 
in  localizied  brain  abscess  is  practically  normal.  Again, 
very  often  an  increase  in  the  percentage  of  large  mononu- 
clear leucocytes  and  the  transitionals  is  also  noted.  This 
latter  observation  is  especially  true  in  the  later  cases  where 
the  thrombosis  has  lasted  for  some  time. 

The  foregoing  observations  on  leucocytosis  must  be  based 
on  several  blood-counts  in  each  case,  and  preferrably  on 
repeated  daily  blood-counts,  done  as  far  as  possible  under 
the  same  conditions  each  day  and  by  the  same  man.  The 
importance  of  this  cannot  be  over-emphasized  if  much 
confidence  is  to  be  placed  in  the  work. 

B.     Clinical  Diagnosis: 

With  the  ordinary  clinical  diagnosis,  the  clinician  is  more 
conversant.  The  typical  chill  or  repeated  chills  with  the 
typical  septic  temperature  are  looked  for  and  recognized 
by  all,  but  it  is  the  atypical  type,  with  the  high  continuous 
temperature  for  the  first  few  days  and  a  very  slight  or  no 
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chill  that  presents  the  difficulities.  In  some  of  these  xrases, 
which,  as  far  as  the  condition  of  the  patient  is  concerned, 
resemble  sometimes  early  meningitis  and  .in  others  erysi- 
pelas, the  possibility  of  sinus-thrombosis  must  be  kept 
before  the  mind.  Then  again  we  must  remember  that 
there  are  cases  that  run  a  practically  aseptic  course  that 
are  liable  to  throw  us  off  the  right  track. 

11. 

The  Operative  Treatment 

The  diagnosis  having  been  made,  the  next  question  is 
that  of  operative  procedure,  that  is,  the  sequence  of  events 
in  the  operation.  Without  going  into  the  question  too  fully 
the  rationale  of  events  that  present  themselves  to  our 
minds  is  as  follows :  The  cases  are  to  be  divided  into  two 
classes,  (a)  with  positive  blood-cultures,  (b)  with  negative 
blood-cultures.  Each  of  these  classes  can  be  sub-divided 
into  two,  those  in  which  the  mastoid  operation  has  not 
been  done  and  those  in  which  it  has  been  done.  The 
procedure  in  each  of  these  would  be  in  our  judgment,  as 
follows,  in  order  to  give  the  patient  the  best  chance. 

(1)  Suspected  mastoiditis  and  sinus-thrombosis,  with 
positive  blood-culture.  Perform  the  mastoid  operation, 
expose  the  sinus  and  if  found  diseased,  ligate  the  jugular 
vein  and  then  clean  out  the  sinus. 

(2)  Suspected  sinus-thrombosis,  with  positive  blood- 
culture,  in  a  case  already  operated  on  for  mastoid,  tie  the 
jugular  vein  immediately  and  then  open  and  clean  out  sinus. 

(3)  Suspected  mastoiditis  and  sinus-thrombosis,  with 
negative  blood-culture.  Perform  the  mastoid  operation 
and  expose  sinus.  If  found  diseased,  then  tie  the  jugular 
as  before.    If  not  found  diseased,  leave  alone  for  observation. 

(4)  Suspected  sinus-thrombosis,  with  negative  blood- 
cultures  in  a  case  already  operated  on  for  mastoiditis. 
Expose  the  sinus ;  if  found  diseased,  tie  the  jugular  and 
then  complete  the  work  on  the  sinus.  If  not  sure  of  disease, 
expose  sinus  but  be  ready  to  immediately  tie  the  jugular. 
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The  above  is  the  procedure  adopted  by  the  writer  for  the 
last  few  years  and  he  feels  it  gives  the  patient  the  best 
chance,  as  it  minimizes  the  danger  of  flooding  the  system 
with  broken  down  clot. 

The  biggest  question  in  otology  is  that  of  sinus-throm- 
bosis in  double  mastoiditis.  All  of  these  cases  are  difficult 
but  some  of  the  practical  points  to  be  kept  in  mind  in 
deciding  on  which  sinus  to  tackle  are  as  follows : 

(1)  The  condition  of  the  sinuses  at  the  time  of  the 
mastoid  operations,  that  is,  whether  one  is  abnormal  in 
any  way. 

(2)  The  presence  of  enlarged  glands  on  one  side  of  the 
neck. 

(3)  The  palpation  of  a  thrombosed  jugular  vein. 

(4)  The  feeling  on  one  side  of  the  neck  compared  with 
the  other.     All  of  these  points  have  been  of  assistance. 

The  question  as  to  ligation  of  the  jugular  versus  excision, 
is  one  that  has  excited  much  controversy  during  the  last 
few  years.  The  writer  has  practiced  low  ligation,  just 
above  the  clavicle  and  sees  no  necessity  or  justification  for 
the  excision  above  the  facial.  Whether  we  excise  above 
the  facial  or  not,  we  cannot  remove  it  to  the  diseased 
vein  and  no  matter  how  complete  our  operation  is,  we 
leave  some  diseased  wall  which  nature  usually  takes  care 
of.  The  necessity  of  removing  so  much  vein  has  never 
appealed  to  the  writer  and  the  operation  is  much  simpler 
and  can  be  performed  very  quickly. 

Meningitis 

The  subject  of  meningitis  is  an  all  important  one  to  the 
aurist  and  the  following  observations  are  based  upon  an 
experience  of  over  two  hundred  cases  of  otitic  meningitis 
with  a  study  of  the  spinal  fluid  from  over  four  hundred 
cases.  The  writer  has  for  over  twelve  years  been  interested 
in  the  subject,  especially  the  pathological  diagnosis  and 
treatment  and  hopes  he  will  be  pardoned   if  he   goes   at 
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length  into  some  phases  of  the  variations  in  spinal  fluid. 
The  examination  of  spinal  fluid  falls  under  the  following 
heads : 

(a)  Physical,  (b)  chemical,  (c)  cytological,  (d)  bacterio- 
logical. 

The  physical  examination  only  reveals  the  fact  as  to 
whether  the  fluid  is  under  pressure  or  not,  and  also  as  to 
ivhether  it  is  clear  or  not.  From  an  analysis  of  the  pressure, 
the  writer  has  never  been  able  to  make  a  diagnosis  of 
purulent  meningitis  as  compared  with  other  lesions.  The 
pressure  in  normal  individuals  varies  so  much  that  it  is 
impossible  to  draw  conclusions.  The  clarity  or  cleanness  is 
examined  under  another  heading. 

(b)  Chemical  Examination.  Some  years  ago  an  effort 
was  made  by  one  of  the  members  of  our  Society  to  decide 
the  presence  or  absence  of  early  meningitis  from  the 
chemical  examination  of  spinal  fluid.  The  main  points 
stressed  were  the  presence  or  absence  of  a  sugar  reducing 
substance,  of  choline,  ablumen,  lactic  acid,  etc.  Suffice  it 
to  say  that  the  writer  cannot  bear  out  the  claims,  as  the 
presence  or  absence  of  the  above  substances  are  too  variable 
to  be  of  much  assistance.  Certainly  they  are  not  reliable 
enough  to  justify  us  in  any  operative  procedure  based  upon 
them  for  absolute  diagnosis.- 

(c)  Cytological.  This  has  to  do  with  the  number  and 
quality  of  the  cells  present  in  spinal  fluid.  Of  late  years, 
many  aurists  have  stressed  the  number  of  cells  present  at 
the  various  examinations.  The  experience  of  the  writer 
would  go  to  show  that  not  much  confidence  can  be  placed 
in  the  variations  of  the  cell  members  as  far  as  prognosis  is 
concerned.  Naturally,  when  a  case  is  recovering  the  cells 
will  diminish  in  number,  but  in  a  case  advancing  to  a  fatal 
outcome,  the  varations  have  been  without  diagnostic  or 
prognostic  significance. 

(d)  Bacteriological.  Purulent  meningitis,  in  the  series 
reported  by  the  writer  has  been  caused  by  the  following 
organisms. 
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(1)  Streptococcus  haeriiolyticus  89  per  cent. 

(2)  Pneumococcus  (all  types)  •  10  per  cent. 

(3)  Staphylococcus  1  per  cent. 

A  plea  is  made  here  for  the  sake  of  exactitude  and  for 
the  sake  of  the  literature  that  more  care  be  taken  in  the 
diagnosis  and  nomenclature  of  meningitis.  The  writer 
thinks  that  no  diagnosis  of  purulent  meningitis  should  be 
made  unless  the  organism  is  found  in  the  spinal  fluid  and 
cultivated  therefrom.  If  anybody  looks  up  the  literature, 
he  will  have  to  throw  out  case  after  case  that  has  been 
described  as  meningitis,  because  a  close  analysis  of  the  case 
would  show  that  it  was  not  a  true  case.  Much  of  the  fault 
here  lies  with  the  clinicians  and  much  with  the  bacteriolo- 
gists, but  there  is  no  reason  in  this  age  for  such  a  condition 
of  affairs.  Thus,  several  recent  reports  showed  an  organism 
in  the  spinal  fluid  that  could  be  stained  in  direct  smear,  but 
could  not  be  cultivated.  This  is  due  to  the  bacteriologist 
not  using  the  proper  technique  in  recovering  organisms 
from  spinal  fluid. 

Several  paper's  appearing  recently  have  given  a  differ- 
ential diagnosis  between  nieningismus,  serous  meningitis, 
encephalitis  lethargica,  purulent  meningitis  and  brain 
abscess  obtained  from  an  examination  of  the  spinal  fluid. 
The  writer  has  never  been  able  to  do  this  although  effort 
after  effort  has  been  made.  In  the  present  state  of  our 
knowledge,  this  is  not  feasible. 

Special  note  should  be  made  of  cases  of  purulent  men- 
ingitis, due  to  pneumococcus  No.  Ill,  or  wTiat  used  to  l)e 
described  as  streptococcus  mucosus  capsulatus  cases.  This 
organism,  from  the  morphological  standpoint,  is  a  highly 
protected  organism  possessing  a  capsule  3  to  5  times  the 
size  of  the  organisms,  and  being  protected  against  the 
attacks  of  the  body  fluids.  It  is  of  a  low  but  persistent 
grade  of  virulence  and  once  it  invades  the  meninges  is 
practically  always  fatal,  although  the  clinical  symptoms 
sre  so  slight  that  the  diagnosis  of  meningitis  can  only  be 
made  by  an  examination  of  the  spinal  fluid.  The  writer 
has  seen  a  series  of  14  of  these  cases,  some  under  very 
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tragic  circumstances,  due  to  the  surgeons  not  recognizing 
the  organism  they  were  dealing  with.  Hence,  accuracy 
in  bacteriological  diagnosis  is  very  important. 

(2)  Blood-counts.  The  blood-count  in  purulent  men- 
ingitis is  usually  high.  The  leucocytes  range  from  25  to 
50.  and  the  differential  often  shows  as  high  as  92  per  cent, 
polynuclears.  These  observations  do  not  apply  to  infections 
with  No.  Ill  pneumococcus. 

(3)  Blood-cultures.  In  spite  of  recent  reports,  to  the 
effect  that  purulent  meningitis  is  often  hematogenous  in 
origin,  the  writer  has  only  found  two  positive  cases  of 
bacteremia  in  the  above  series.  The  writer  believes  that 
the  big  majority  of  meningitis  cases  are  direct  extensions 
from  the  mastoids  or  sinuses  and  are  not  hematogenous 
in  character. 

Treatment 
Here  nothing  much  can  be  said  since  out  of  the  above 
series  only  three  survived.  In  one  we  used  leucocytic 
extract  and  urotrofine  intraspinously  and  the  other  two 
were  left  alone,  as  far  as  intraspinous  treatment  was 
concerned.  The  writer  does  not  believe  that  any  operative 
procedure  will  ever  cure  meningitis  in  any  large  percentage 
of  cases,  but  rather  that  our  endeavors  should  be  toward 
the  elaboration  of  antibodies  to  counteract  the  effects  of 
the  casual  organisms,  as  in  epidemic  meningitis  or  the 
production  of  a  chemical  that  will  kill  oif  the  bacteria. 

Brain  Abscess 

Very  little  of  importance  can  be  said  about  this  condition. 
Out  of  a  series  of  74  abscesses,  only  4  got  well  and  remained 
well.  The  rest  all  succumbed  in  shorter  or  longer  time. 
The  writer  feels  that  nothing  could  be  gained  by  enlarging 
upon  this  subject  as  it  has  been  so  ably  taken  up  by  Dr. 
Dickie  in  his  admirable  thesis. 

The  sole  purpose  in  writing  the  above  article  is  to  place 
the  rather  unique  experience  of  the  writer  at  the  service 
of  others  in  endeavoring  to  clear  up  some  of  the  obscure 
and  bothersome  points  that  trouble  us  in  the  above  condi- 
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tions,  and  if  the  experience  outlined  in  this  paper  will  be 
of  assistance  even  once  to  any  of  the  readers  who  have  not 
had  the  opportunity  of  seeing  such  cases  very  often,  then 
the  writer's  purpose  will  have  been  fulfilled. 

Discussion 

Dr.  E.  A.  Crockett,  Boston :  This  should  have  been  a 
presessional  paper,  so  that  we  could  have  had  the  full 
draft  before  discussion.  I  won't  attempt  to  discuss  the 
full  subject,  but  would  like  to  say  that  the  speaker's  remarks 
are  particularly  gratifying  to  me  in  regard  to  the  conclu- 
sions on  the  ligation  or  exenteration  of  the  infected  vein. 
I,  personally,  since  1895,  have  been  doing  a  routine  operation 
on  the  lateral  sinus,  simple  ligation  of  the  jugular,  no 
matter  how  large  is  the  thrombosis  or  how  serious  the 
condition  of  the  patient.  This  in  our  hands  has  proven  a 
clinical  success  and  I  have  never  seen  any  reason  for  the 
exenteration  of  the  infected  vein.  In  the  Massachusetts 
Eye  and  Ear,  the  statistics  in  uncomplicated  cases  without 
mastoiditis  or  symptoms  of  meningitis,  the  morality  is  not 
over  3  or  4  per  cent,  no  matter  whether  the  Chief  of  Staff 
or  the  house  surgeon  performs  the  operation.  If  there  is 
meningitis  or  abscess  of  the  lung,  the  mortality  is  high, 
these  cases  would  be  fatal  after  any  operation.  It  is 
shutting  the  door  after  the  horse  is  stolen.  One  point 
Dr.  Dench  brought  out  should  be  emphasized,  the  operator 
should  never  explore  or  handle  an  infected  vessel  without 
having  ligated  the  vein,  or  thrombosis  will  be  produced.  In 
the  cases  seen  at  the  Massachusetts  Eye  and  Ear  Infirmary, 
manipulation  of  the  vessel  produced  thrombosis  which  did 
not  previously  exist.  Dislodging  of  particles  of  the  clot 
before  the  vessel  was  ligated  was  responsible  for  the 
symptoms.  Another  point  of  importance  in  the  cases  Dr. 
Dwyer  spoke  of  last,  as  a  matter  of  routine  procedure,  in 
injury  to  the  sinus,  the  chances  are  the  curet  was  full  of 
pus  and  produced  direct  infection  of  the  vessel  without 
protective  walling  oflf.    In  all  cases  of  injury  to  the  sinus  on 
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subsequent  operation  one  should  ligate  the  internal  jugular. 
This  should  be  a  routine  with  younger  men.  That  last  case 
of  Dr.  Dwyer's  would  have  been  spared  a  fatal  endocarditis. 
I  always  ligate  as  soon  as  the  diagnosis  is  made  where  I 
have  injured  the  vessel.  I  don't  believe  clinical  pyemia 
always  follows,  but  it  does  in  a  large  proportion  of  the 
cases.  We  had  a  very  conservative  surgeon  who  had  four 
cases  of  abscess  of  the  lung  following  injury  to  the  sinus 
because  he  refused  to  ligate.  He  thought  the  cases  ought 
to  get  well  spontaneously  and  he  followed  this  idea  to  an 
illogical  conclusion.  Another  point  is  that  simple  ligation 
is  a  quick  operation,  while  exenteration  is  difficult.  Much 
more  time  is  consumed  and  there  is  much  more  shock  to  the 
patient  with  the  general  run  of  operators.  I  read  a  paper 
in  1937  on  infection  of  the  jugular.  I  ligated  through  a 
clot  which  was  solid  and  not  infected.  In  two  cases  there 
was  complete  recovery.  After  finding  the  clot  it  is  a 
perfectly  logical  procedure  to  ligate  it. 

Dr.  F.  L.  Jack.  Boston :  I  am  in  accord  with  most  of 
Dr.  Crockett's  remarks.  In  1901  at  the  Third  Pan-Ameri- 
can Medical  Congress,  I  reported  two  cases  of  ligature  of 
the  internal  jugular  vein  £Uid  have  employed  this  method 
ever  since  in  infective  thrombosis.  I  did  not  hear  Dr. 
Dwyer  mention  what  he  did  with  the  clot.  Does  he  remove 
it?     It  is  important. 

Dr.  J.  F.  McKernon,  New  York :  My  experience  is 
somewhat  at  variance  with  the  reader  of  the  paper,  and 
with  those  who  have  discussed  it.  I  believe  if  you  have 
an  infected  internal  jugular  vein,  with  infected  clots,  if 
you  ligate  it  may  go  well  if  you  have  luck  with  you,  but 
that  is  not  my  experience.  This  was  borne  out  by  a 
number  of  cases  in  France.  In  14  reported  cases  ligated 
above  the  clavicle  there  were  subsequent  infections.  Eight 
cases  were  operated  upon  a  second  time  and  the  circulation 
cut  off  through  the  facial.  The  majority  of  cases  did  not 
get  well.    Dr.  Crockett  speaks  of  injury  to  the  sinus.    We 
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have  all  had  these  cases.  In  a  few  cases  infection  takes 
place.  That  is  my  experience  in  my  own  cases  and  in 
watching  other  operators.  Ligation  of  the  internal  jugular 
is  not  enough  when  there  is  free  pus  in  the  sigmoid  sinus. 
I  do  not  believe  it  is  good  surgery  to  leave  that  in  place. 
We  must  cut  off  the  possibility  of  infection  through  the 
facial. 

Dr.  E.  A.  Crockett :  We  have  25  operators,  200  cases  and 
97  per  cent  recoveries.  In  the  14  cases  the  doctor  mentioned 
and  the  patient  showed  elevation  of  temperature,  I  have 
seen  such  cases  where  the  jugular  was  not  ligated  at  all. 
Some  small  vein  was  ligated.  There  is  the  reason  for 
variation  in  the  statistics. 

Dr.  J.  F.  McKernon :  In  8  cases  I  can  testify  that  the 
ligature  was  round  the  vein.  Fifty  per  cent  died  because 
of  the  empyemia  following. 

Dr.  F.  L.  Jack :  Was  the  vein  opened  above  the  ligature 
to  see  what  was  in  the  vein? 

Dr.  J.  F.  McKernon :  The  vein  was  opened  at  the  time 
of  operation. 

Dr.  F.  L.  Jack :  I  don't  believe  ligation  is  adequate  with- 
out opening  the  vein  to  see  if  you  have  pus  or  clot.  I  don't 
excise  clot.  I  leave  free  bleeding,  but  you  cannot  just 
ligate  without  removing  septic  material. 

Dr.  Edward  B.  Dench,  New  York :  All  roads  lead  to 
Rome,  and  a  discussion  of  this  kind  is  very  profitable  as 
it  simply  proves  that  a  great  many  cases  will  get  well,  no 
matter  what  your  procedure  is.  It  proves  also  beyond  a 
doubt  that  what,  one  man  calls  sinus  thrombosis  sufficient 
for  operation,  another  man  does  not.  I  am  friendly  to  the 
Boston  School,  but  I  think  that  the  jugular  is  tied  in  Boston 
on  a  single,  or  on  one  or  two  rises  in  temperature  and  this 
is  considered  a  sufficient  warrant  to  put  a  ligature  round 
the  vein,     Very  likely  they  are  right.     I  do  not  believe, 
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however,  that  it  is  necessary  in  every  case  to  ligate  the 
internal  jugular,  although  it  may  be  safer,  so  that  in  New 
York  excision  is  considered  safer  than  ligation.  I  cannot 
agree  that  it  is  satisfactory  to  put  a  ligature  round  a 
thrombosed  vein  and  to  hope  the  case  will  get  well.  I  had 
two  cases  where  it  was  impossible  to  get  a  ligature  round 
a  healthy  vein  on  account  of  the  extent  of  the  thrombus. 
Both  cases  died.  I  follow^ed  the  vein  down  to  the  innominate 
vein.  Both  cases  occured  the  same  week.  I  think  the 
doctors  were  very  fortunate  where  they  put  a  ligature 
round  a  vein  with  a  clot  and  the  patient  did  well.  Many 
cases  will  get  well  with  simple  ligature  where  you  ligate 
early.  I  cannot  see  any  excuse  for  putting  the  ligature 
below  the  facial  vein  where  there  is  every  opportunity  and 
every  reason  why  the  blood  stream  becomes  infected  from 
the  facial  and  lingual  vein  because  tonosus  meet  the  oppo- 
site sides.  I  am  very  much  against  that  procedure.  I  do 
not  change  my  views  on  that  point.  As  to  the  value  of 
ligation  as  a  first  operation,  the  Boston  School  has  convinced 
me.  I  do  not  think  it  is  as  simple  as  they  say  because  there 
is  always  a  mass  of  glands  after  point  of  election,  but  it 
is  simpler  than  excision.  When  I  think  excision  is  always 
safe,  but  I  believe  ligation  below  the  facial  is  never  to  be 
performed.  In  wounds  of  the  sinus  I  believe  ligation  is 
reasonable.  I  had  one  case  turning  on  this  point.  In  a 
radical  operation  I  wounded  the  lateral  sinus.  I  had  a 
blood  culture  made  at  the  time  of  operation  and  it  was 
negative.  The  man  ran  no  temperature  and  the  wound 
healed.  On  the  8th  day  after  operation  he  had  a  tempera- 
ture of  104°.  At  the  end  of  9  hours  there  were  no  colonies, 
at  the  end  of  18  hours  there  were  12  colonies.  I  took  out 
the  vein  and  the  temperature  dropped  and  he  made  an 
uneventful  recovery,  so  that  was  a  clear  demonstration  that 
there  was  blood  stream  infection  formed  by  sinus  trauma- 
tism. If  I  had  ligated  the  vein  it  would  not  have  happened. 
My  experience  has  been  that  of  Dr.  McKernon.  I  have  seen 
many  cases  without  general  infection  after  wounding  the 
sinus,  but  some  cases  get  infected.    I  was  doing  a  radical 
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operation  some  time  ago,  and  found  the  sinus  in  the  poster- 
ior tympanic  space.  As  I  curetted  out  granulations  I  got 
a  stream  of  blood.  The  question  arose,  should  I  put  a 
ligature  round  the  jugular  when  the  radical  cavity  had 
been  completed.  The  field  was  clean.  When  I  took  out 
the  plug  which  controlled  the  hemorrhage  there  was  no 
bleeding,  I  argued  the  granulations  must  have  been  there 
for  a  long  time.  I  put  a  clean  graft  over  the  whole  vein 
and  the  patient  left  the  hospital  without  any  trouble.  If 
you  are  certain  of  the  field  you  can  do  this.  With  reference 
to  the  number  of  bacteria  in  the  blood  stream.  The  number 
may  be  very  small  and  one  does  not  get  a  positive  culture. 
You  may  get  a  positive  from  the  sinus  but  not  from  the 
median  vein  in  the  arm.  In  one  case  a  culture  direct  from 
the  sinus  was  positive.  The  temperature  was  103°.  In 
regard  to  the  blood  count,  the  diflferential  blood  count  in 
meningitis  is  valuable.  In  sinus  thrombosis  there  is  about 
12,000  leucocytes,  the  poly  count  is  about  72-77 ,  in  meningi- 
tis it  is  about  95  per  cent,  while  the  leucocytes  are  as  high 
as  20,000-30,000. 

In  atypical  meningitis,  particularly  type  III  streptococcus 
capsulatus,  I  remember  one  case  where  the  sinus  was 
destroyed  over  the  mastoid,  the  man  was  ready  to  go  out. 
The  house  surgeon  called  me  up  and  told  me  the  man  was 
in  deep  coma.  He  had  streptococcus  capsulatus  in  the 
spinal  fluid,  and  died  in  24  hours.  I  do  not  know  any  way 
of  telling.  You  must  do  a  lum1)ar  puncture  in  all  cases 
but  if  you  find  the  organism  you  are  powerless. 

I  do  not.  agree  with  Dr.  Dwyer.  He  says  he  does  not 
care  about  the  cell  count  any  more  than  he  does  about  pus 
in  the  wound.  I  care  a  whole  lot  about  pus  in  the  wound. 
When  my  cell  count  goes  down  I  think  the  patient  is  doing- 
better.  The  cell  count  is  an  index  as  to  how  the  case  is 
doing  and  also  the  relative  severity  of  the  symptoms.  With 
a  high  cell  count  there  is  a  Kernig  and  stifif  neck  and  grave 
clinical  picture.  We  also  take  note  of  the  reduction  of 
sugar  and  the  globulin.  With  a  negative  W^assermann  and 
chloride  of  gold,  these  points  help  to  check  up  the  case 
clinically. 
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Dr.  J.  K.  M.  Dickie,  Ottawa,  Canada:  In  sinus  throm- 
bosis ligature  of  the  jugular  vein  alone  is  hardly  enough, 
the  vein  should  be  opened  and  emptied,  preferably  above 
the  common  facial.  If  this  is  not  done  there  is  quite  a 
danger  of  the  blood  in  the  vein  forming  a  septic  clot,  which 
later  breaks  down  into  pus.  I  had  a  case  of  this  sort  quite 
recently  in  which  I  had  to  tie  both  ends  of  the  divided  vein 
as  there  was  free  bleeding  from  the  upper  end,  evidently 
from  the  inferior  petrosal  sinus.  The  contents  of  the  vessel 
became  septic  and  I  had  eventually  to  open  it  up  in  its 
whole  extent  from  the  knee  through  the  bulb  to  the  neck 
before  it  cleaned  up.  With  regard  to  spontaneous  cure, 
I  think  that  is  possible.  In  another  recent  case  I  found 
the  sinus  filled  with  fibrous  granulation  tissue  with  no  pus 
in  the  actual  lumen  although  there  was  a  large  extra-dural 
abscess.  The  jugular  vein  above  the  common  facial  was 
collapsed  and  empty.  This  was  a  fairly  good  attempt  of 
spontaneous  cure.  In  Edinburgh  the  practice  was  to  open 
the  sinus  widely,  ligate  and  divide  the  jugular  generally 
above  the  common  facial  leaving  the  upper  end  open  for 
drainage. 

Dr.  B.  Alex.  Randall,  Philadelphia :  The  harmony  of  our 
views  reminds  me  of  a  musical  experience  in  Philadelphia, 
when  a  lady,  a  niece  of  Benjamin  Franklin,  found  fault  with 
Theodore  Thomas's  Orchestra  on  account  of  'instruments 
out  of  tune'.  He  said  that  it  was  the  fault  of  'the 
Philadelphia  atmosphere'.  She  said  'Cericke  with  his 
Boston  Symphony  brings  his  atmosphere  with  him'.  I 
think  the  Boston  School  has  brought  its  atmosphere  with 
it.  Personally,  I  haye  not  felt  satisfied  with  merely  tying 
the  jugular:  I  have  excised  the. vein.  I  think  it  is  important 
in  our  teaching  to  consider  this  as  phlebo-thrombosis  of 
the  lateral  sinus.  We  have  an  inflammatory  condition  of 
the  vein,  whether  of  the  meninges  or  the  neck,  and  should 
not  leave  its  septic  material  to  be  absorbed. 

Dr.  Ewing  W.  Day.  Pittsburgh,  Pa. :  In  regard  to  the 
symptoms  of  the  meninges,  we  have  been  overlooking  the 
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most  important  one,  that  is  pressure.  We  hear  the  state- 
ment "the  fluid  is  under  pressure".  The  pressure  within 
the  cranial  cavity  is  increased  by  irritation.  In  meningitis 
it  is  increased  in  proportion  to  the  severity  of  the  men- 
ingitis. I  believe  this  is  more  important  than  the  exami- 
nation of  the  spinal  fluid,  except  the  bacteria,  yet  no  records 
are  being  kept  as  to  how  the  pressure  is  running.  It  is 
not  necessary  to  waste  much  spinal  fluid  to  get  pressure. 
One  c.  m.  of  fluid  is  enough  for  every  degree  of  pressure. 
I  have  diagnosed  several  cases  on  the  pressure  alone,  where 
the  fluid  is  negative  so  far  as  bacteria  are  concerned,  but 
at  post  mortem  you  will  get  bacteria  in  the  cerebrum.  We 
can  get  a  lot  of  information  from  the  pressure  alone.  Many 
sinus  thrombosis  cases  are  never  recognized,  and  go  on  to 
spontaneous  cure.  These  are  discovered  at  post-mortem, 
or  in  mastoid  operations. 

Dr.  Emil  Amberg,  Detroit:  There  is  another  factor  to 
be  taken  into  consideration,  and  that  is  whether  the  jugular 
and  the  facial  veins  are  the  only  ones  which  are  liable  to 
carry  the  infection. 

Dr.  S.  MacCuen  Smith,  Philadelphia :  Formerly  it  was 
a  well  recognized  practice  not  to  excise  the  vein  in  cases 
of  sinus  thrombosis  where  the  clot  had  been  removed  and 
bleeding  secured  from  both  the  torcular  and  jugular  bulb 
ends.  I  should  like  to  ask  Dr.  Dwyer  if  he  feels  that  this 
is  still  a  proper  practice.  Personally  I  have  always  felt 
it  best  to  excise  the  vein,  although  on  several  occasions, 
owing  to  the  extremity  of  the  patient,  after  securing  bleed- 
ing from  above  and  below,  I  postponed  further  operative 
interference  until  the  following  day,  and  the  patient  then 
being  much  improved,  a  secondary  operation  was  not  done, 
all  recovering  without  excision  of  the  vein. 

Dr.  G.  E.  Shambaugh,  Chicago :  It  is  not  always  easy 
to  determine  in  a  particular  case  whether  one  has  sufiicient 
symptoms  to  justify  an  operation  upon  the  sinus.     Every 
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chill  and  a  rise  in  temperature  is  not  an  indication  of  an 
operation  on  the  sinus.  Very  often  under  just  these  circum- 
stances an  operation  removing  the  infection  about  the  sinu. 
but  leaving  the  sinus  undisturbed  is  sufficient. 

A  few  minutes  ago  I  raised  the  question  of  the  proper 
procedure  in  cases  of  bilateral  otitis  media  where  nothing 
points  more  distinctly  toward  one  side  than  toward  the 
other  as  the  source  of  the  trouble,  and  where  in  the  presence 
of  chills  with  marked  fluctuations  in  the  temperature,  one 
feels  warranted  in  concluding  that  we  are  in  the  presence 
of  a  sinus  thrombosis.  But  which  ear  is  involved?  Suppose 
one  side  is  exposed.  Are  you  going  to  ligate  the  vein  then 
open  the  sinus  and  finding  no  evidence  of  thrombosis  go 
through  the  similar  procedure  on  the  opposite  side?  I 
have  been  in  the  habit  of  exploring  the  sinus  where  after  its 
exposure  I  cannot  make  out  definitely  whether  it  is 
thrombosed  or  not.  The  exploration  is  made  with  a  good 
sized  aspirating  needle.  Where  both  ears  are  involved  with 
nothing  to  indicate  which  one  is  causing  the  serious  trouble, 
if  on  aspirating,  blood  is  drawn  from  the  sinus  I  would 
proceed  with  the  exposure  of  the  opposite  side  and  make  a 
similar  exploration.  If  the  needle  does  not  disclose  an 
obliterating  thrombus,  I  do  not  open  either  sinus.  The 
one  condition  that  may  exist  and  not  be  detected  by  this 
method  is  a  parietal  thrombus.  Experience  has  shown  that 
a  thrombus  which  has  not  undergone  suppuration  can 
usually  take  care  of  itself  if  left  alone,  provided  the  infec- 
tion about  the  sinus  is  taken  care  of. 

Dr.  Edward  B.  Dench,  New  York :  I  consider  parietal 
thrombi  the  most  dangerous  kind.  The  poison  is  brought 
into  the  circulation.  In  Dr.  Shambaugh's  case  I  would  do 
double  mastoid,  and  see  if  I  could  decide  if  both  sinuses 
looked  alike.  I  would  think  of  the  ear  where  the  disease 
was  most  virulent  or  which  had  the  most  virulent  organism 
and  get  free  drainage.  In  a  recent  case,  where  the  X-rays 
were  very  deceiving,  I  thought  the  patient  might  have  a 
normal  mastoid  and  I  cut  oflf  the  circulation  on  one  side 
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and  went  into  the  mastoid.  I  happened  to  be  fortunate 
in  that  case.  Dr.  Shambaugh's  question  is  very  appropriate. 
I  saw  one  young  lady  who  had  a  double  tonsil  and  double 
antrum  involvement.  The  doctor  cleared  up  the  antrum, 
then  she  developed  double  otitis  media.  Both  ears  were 
incised,  then  she  had  a  temperature  of  105°.  The  X-ray 
showed  one  side  cloudy,  one  side  not  involved.  One 
mastoid  was  opened  and  the  jugular  was  tied.  The  tem- 
perature then  went  up  to  106°.  We  thought  of  opening  the 
other  mastoid,  but  I  thought  of  waiting  before  tying  the 
other  jugular.  (If  you  ligate  both  internal  jugulars  do 
not  obliterate  both  external  jugulars,  although  the  circu- 
lation can  be  carried  on  through  the  vertebrals).  In  this 
case  as  the  patient  came  from  S.  America  I  thought  of 
giving  larger  doses  of  quinine,  and  the  temperature  dropped 
and  the  patient  recovered. 

Dr.  J.  G.  Dwyer  (closing)  :  I  would  never  leave  a  clot 
in  the  sinus,  neither  would  I  tie  off  the  jugular 
on  one  chill.  In  these  cases  the  clinical  and  patho- 
logical symptoms  didn't  measure  up,  even  where  there  was 
a  partial  clot.  I  wanted  this  paper  to  be  as  practical  as 
possible  so  as  to  be  a  guide  for  the  regular  work.  In  New 
York  we  have  to  be  shown,  before  tying  off  a  jugular.  All 
of  you  missed  the  point.  You  can  get  as  much  poison  from 
the  petrosal  which  you  do  not  tie  off  as  from  the  jugular 
which  you  do  tie  ofif.  You  leave  the  end  open  toward  the 
bulb;  the  bulb  is  cureted  out  and  pressure  is  equalized. 
The  weakest  point  is  in  the  bulb,  and  you  can  get  out 
liquid  pus  through  the  bulb.  Where  your  organisms  go 
in  you  get  a  coagulation  necrosis,  then  you  get  liquefaction 
necrosis.  Where  you  have  inexpert  assistance,  ligation  is 
the  easier  operation.  I  do  not  think  it  is  necessary  to  ligate 
immediately  in  clots  of  the  sinus.  In  case  of  injury  to  the 
sinus  with  rise  of  temperature,  one  should  tie  off.  Dr. 
Dickie  says  he  excises  the  jugular  and  leaves  the  end  open. 
What  does  Dr.  Dench  do?  You  can  also  get  bleeding  from 
the  petrosal.     We  have  been  using  the  manometer,  but  I 
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do  not  think  it  is  a  question  of  pressure.  The  greatest 
pressure  cases  were  from  intoxication  of  the  central  nervous 
system.  One  case  had  high  delirium.  We  ligated  the 
jugular,  and  the  patient  became  normal.  The  question 
Dr.  Shambaugh  raised  depends  upon  whether  the  glands  are 
involved  upon  one  side.  I  have  seen  a  double  mastoid  in  a 
boy  of  10,  with  distinct  tenderness  over  the  jugular  on  one 
side.  We  operated  on  that  side  and  the  boy  got  well.  In 
another  case  there  was  a  board-like  feeling  with  the  pulse 
transmitted  to  the  carotid.  I  always  say  a  prayer  over 
the  double  cases.  It  is  bad  surgery  to  interfere  with  the 
sinus  before  you  touch  the  jugular.  If  you  have  a  mastoid 
and  sinus  thrombosis,  with  positive  blood  culture,  stop  the 
work  there  and  tie  the  jugular.  Then  you  can  open  the 
sinus  safely. 


SKIAGRAPHIC  STUDIES  IN  EAR  DISEASE  WITH 
RELATION  TO  THE  DEGREE  OF  PNEUMATIZA- 
TION  OF  THE  MASTOID. 

By  NORVAL  H.  PIERCE,  M.  D.,  Chicago,  111. 

The  principle  purpose  of  these  skiagraphic  studies  is  to 
ascertain  the  condition  of  the  mastoid  as  regards  pneuma- 
tization  of  the  mastoid  in  a  series  of  cases  of  hardness  of 
hearing  due  to  disease  of  the  sound  conducting  apparatus 
Other  than  those  with  chronic  suppuration. 

The  diagnosis  was  made  by  the  usual  functional  tests, 
the  Bezold-Edlemann  continuous  tone  series  being  used, 
together  with  the  Bezold  large  A  for  the  Weber-Schwabach, 
(normal  bone  conduction  33  seconds),  a  small  a^  for  the 
Rinne  (normal  bone  conduction  16  seconds,  aerial  conduc- 
tion 40  seconds),  the  Lucae  c^  for  upper  intensity  and  the 
Struychen's  monochord  for  the  upper  tone  limit.  In 
making  the  Rinne  test  both  the  duration  of  bone  conduction 
and  aerial  audibility  were  recorded  in  seconds,  a  procedure 
which  should  always  be  carried  out  if  we  are  to  gain  the 
full  value  of  the  test. 

The  first  skiagraph  is,  perhaps  not  intimately  connected 
with  the  subject  as  it  is  a  case  in  which  pneumatization 
is  normal,  but  it  exemplifies  a  class  of  cases  in  which  the 
principle  features  are  increasing  hardness  of  hearing  due 
to  stapes  anchylosis  with  otoscopic  evidence  of  caval 
inflammation. 

A.  M.,  female,  aged  37,  complains  of  hardness  of  hearing 
in  the  left  ear  with  a  high-pitched,  ringing  tinnitus.  Cause 
unknown.  Has  noticed  the  defect  of  hearing  for  four 
years  :  it  does  not  seem  to  be  progressing  lately.  Complains 
of  sensation  of  light  headedness,  but  the  description  is  not 
that  of  true  vertigo  of  vestibular  origin,  and  there  is  no 
nausea.  Never  had  a  discharge  from  the  ears.  Father 
is  hard  of  hearing.    Had  measles  when  a  child. 
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Functional  Tests :  A.  D.  Whisper,  Numerals  30  feet, 
medium  pitched  words  18  ft..  Weber  not  lateralized  23 
seconds.  Rinne  positive,  (A.  C.  35  seconds,  O.  C.  14 
seconds).  Low  limit  G2.  24  D.  V.)).  High  limit  B«. 
A.  S.  whisper.  High  and  medium  pitched  words  5  to  6 
inches,  low  pitched  2  inches.  Rinne,  negative,  (A.  C.  12 
seconds,  O.  C.  15).     Low  limit,  Al   (55  d.  v.).     High  limit 


Case  I— Right. 

A^,  C^  vary  much  shortened.  Turning  to  right,  nystagmus, 
8  seconds,  vertigo  15  seconds.  Turning  to  left  nystagmus 
10  seconds,  vertigo  20  seconds.  The  right  tympanic  mem- 
brane shows  a  light  reflex  reduced  in  length,  lusterless, 
darkened  and  the  handle  of  the  malleus  is  situated  nearer 
the  posterior  periphery  than  is  normal.  The  left  mt.  is 
slightly  more  retracted  than  the  right,  the  light  reflex 
is  absent,  the  color  is  darker,  it  is  lusterless  and  the  handle 
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of    the    malleus    is    nearer    the    posterior    periphery    than 
normal.    No  improvement  on  inflation. 

This  is  an  instructive  case.  Obviously  a  disease  of  the 
left  sound-conducting  apparatus,  (fixation  of  the  stapes) 
as  witness  loss  of  the  low  limit  and  negative  Rinne  with 
involvement  of  the  sound  perceiving  apparatus  as  witness 
of  loss  in  normal  bone  conduction  and  the  loss  in  the  upper 


Case  I — Left. 


tone  limit  on  the  left  side.  The  appearance  of  the  tympanic 
membranes  was  indicative  of  the  presence  in  the  cavum  of 
a  plastic  (catarrhal)  inflammatory  process.  The  position 
of  the  handle  of  the  mallei  is  frequently  seen  in  cases  of 
arrested  pneumatization.  It  is  interesting  to  see  by  the 
skiagraph  how  extensively  pneumaticized  the  mastoids  are. 
In  view  of  the  history  of  deafness  in  the  family  of  the 
patient  we  are  inclined  to  regard  the  fixation  of  the  stapes 
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as  due  to  oto-spongiosis.  and  not  to  the  inflammatory 
processes  to  which  the  hyperplastic  mucous  membrane 
which  accompanies  arrested  pneumatization  is  subject. 
The  appearance  of  the  mt.  indicates  that  those  tubo-tym- 
panal  in  flammatory  processes  may  occur  in  connection  with 
normal  pneumatization.  However,  the  Roentgenogram 
aids  materially  in  forwarding  the  diagnosis  and  prognosis. 


Cas-e  II— Rigfht. 


The  second  Roentgenograms  are  from  the  mastoids  ot 
a  female  child,  8  years  of  age.  They  show  complete 
(normal)  pneumatization.  This  child  has  been  under  my 
care  since  she  was  thirty-two  months  old  at  which  time  she 
had  an  acute  suppurative  otitis  media,  which  ran  a  normal 
course  and  ended  in  recovery,  although  there  was  marked 
tenderness  and  some  infiltration  over  the  mastoid  fossa  in 
the  first  davs  of  the  disease.     Since  then  she  has  had  two 
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additional  attacks  of  acute  otitis  media,  but  of  much  less 
severity.  Yet  we  find  that  although  these  three  attacks  of 
acute  otitis  media  occurred  during  the  period  when  the 
process  of  pneumatization  of  the  mastoid  was  most 
active  they  in  no  way  interfered  with  its  progress  on  to 
extensive  normal  development.  This  is  in  accordance  with 
the  conclusions  of  Wittmaack.     So  long  as  pneumatization 
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is  not  interfered  with  before  the  beginning  of  the  second 
year  of  life  pneumatization  proceeds.  That  which  causes 
arrest  of  pneumatization  must  occur  in  the  first  year,  and 
that  which  occurs  is  not  an  acute  inflammation,  but  a 
chronic  latent  process — the  otitis  media  neonatorum.  This 
is  an  example  of  a  series  of  similar  cases. 

The   third  Roentgenograms  are   from   a   female   patient. 
(A.    H.    33-B-7),    aged   22,    who   complained    of    recurrent 
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attacks  of  earache  and  discharge  since  childhood  with 
increasing  hardness  of  hearing.  The  right  tympanic  mem- 
branes showed  a  diffuse  light  reflex  with  fluid  back  of  it 
in  the  cavum.  No  perforation.  The  left  membrane  showed 
areas  of  opacity  and  atrophy  with  injection  of  blood  vessels 
along  the  malleus,  no  perforation.  The  whispered  voice 
was  heard  in  the  right  ear  10  ft.,  for  low  pitched  words, 


Case   III— Right. 

18  ft.,  high  pitched  words,  left  ear  low  pitched  words  6 
inches ;  high  pitched  words  12  feet.  Weber-Schwabach  to 
the  left  33  seconds.  Low  limit  right  ear  D^  (36  D.  V.)  ; 
left  ear  D^,  Rinne  right  ear  o.  c.  18;  a.  c.  27^=+9  seconds. 
Left  ear  o.  c.  26 ;  a.  c.  18=-8.  High  limit  right  ear  a^ 
left  ear  f^.  Inflation  brought  hearing  for  w^hispered  voice 
in  both  ears  to  over  20  ft.,  for  both  high  and  low  pitched 
words.      The    Roentgenograms    show    marked    arrest    of 
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pneumatizatioii  in  the  right  and  total  arrest  in  the  left 
mastoid.  Evidently  the  fixation  of  the  stapes  was  not 
permanent.  Nose,  post-nasal  space  and  pharynx  negative. 
This  case  is  typical  of  a  large  series  which  give  a  history 
of  recurrent  attacks  of  acute  otitis  media  with  discharge 
occuring  since  childhood,  the  discharge  being  purulent  or, 
more  frequently,  mucoid  or  serous.     The  attacks  in  these 
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cases  are  of  short  duration,  but  the  hearing  is  most  often 
increasingly  impaired. 

The  fourth  Roentgenogram  is  from  a  female  (E.  M.  3-b), 
aged  64  years,  with  hardness  of  hearing  in  the  left  ear  for 
10  years.  The  cause  unknown.  There  is  slight  pain 
recently,  a  crackling  tinnitus  in  both  ears.  Her  brother  was 
hard  of  hearing.  Never  had!  a  discharge.  Membrana 
tympani    right:    areas    of    thickening    (opacity),    the    light 
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reflex  is  distorted  and  reduced  in  length  and  breadth.  No 
perforation.  Left :  atrophic,  light  reflex  is  distorted  and 
displaced.  No  perforation.  Functional  tests :'  Whisper, 
right  ear  20  ft.,+.  Left  ear:  low  pitched  words  10  ft.,  high 
pitched  words  12  ft.,  Rinne  right  o.  c.  11  ft.,  a.  c.  25  ft., 
=+16;  left  ear  o.  c.  11  ft.,  a.  c.  23  ft.,=+12.  Low  limit 
right  G-2,  left  D-1  (36  d.  v.).  Weber-Schwabach  unlater- 
alized   32    seconds.      High    limit    g^    in   both    ears.     After 
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inflation  the  hearing  for  whisper  in  the  left  ear  came  up 
to  20  ft.,  for  high  pitched  words  and  low  and  medium 
pitched  words  15  ft.  Nose,  postnasal  spaces  and  pharynx 
negative. 

The  Roentgenograms  show  the  right  mastoid  to  be 
unpneumaticized  in  the  posterior  portion,  only  a  few 
isolated  cells  showing  in  the  region  of  the  antrum,  while 
the  lower  portion  is  diploetic.  The  left  shows  the  same 
picture,  except  that  the  cells  are  fewer  in  number  and  are 
more  obscure. 
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This  is  a  case  in  a  large  series  of  tubo-tympanal  catarrh. 
From  the  appearance  of  the  Roentgenograms  we  must 
conclude,  in  the  light  of  Wittmaack's  work,  that  the  mucosa 
is  thickened  and  that  the  cavum  is  the  seat  of  those 
pathological  changes  which  result  from  otitia  media 
neonatorum. 

I  will  not  take  up  your  time  by  exhibiting  more  pictures. 


Case   IV — Lieft. 


Those  presented  represent  many  which  have  been  taken 
in  the  past  three  years.  The  skiagraphic  study  of  some 
hundreds  of  plates  strengthens  the  opinion  that  Witt- 
maack's conclusions  are  in  the  main  correct.  We  invariably 
find  arrested  pneumatization  in  chronic  suppurative  cases. 
But  as  you  have  seen  in  those  cases  which  present  the 
picture  of  what  we  have  called  chronic  catarrh  of  the  middle 
ear  and  tubo-tympanic  catarrh  with  no  history  of  chronic 
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discharge  we  also  find  arrested  pneumatization  in  various 
degrees.  Nor,  is  it  a  rarity  to  find  more  or  less  asymmetry 
between  the  two  sides.  The  less  pneumatized  corresponding 
usually  to  the  more  aflFected  ear  as  determined  by  functional 
tests. 

For  the  purpose  of  description  we  may  divide  the  mastoid 
into  three  tNpes  as  shown  by  the  Roentgen  ray. 

1.  The  completely  (normal)  pneumaticized  mastoid. 
That  is  a  mastoid  in  which  the  cortex  is  thin  and  the  cells 
occupy  the  whole  mastoid  process  to  the  tip,  backwards 
and  upwards  to  the  occipital  suture  or  further  and  above 
the  antrum  and  cavum  toward  the  zygomatic  root.  The 
cells  are  round  and  are  systematically  arranged  with  the 
larger  cells  terminal.  With  such  a  picture  we  may  know 
that  the  mucosa  lining  the  cavum  and  cells  is  normal — 
that  is  the  epithelium  cell  is  epithelioid — very  thin  and 
consisting  of  one  or  two  layers.  The  subepithelial  tissue 
is  also  very  thin,  homogenous,  and  cannot  be  separated  into 
layers. 

2.  The  mastoid  in  which  pneumatization  has  been  com- 
pletely arrested.  Here  we  may  know  that  the  mucosa  in 
the  cavum  and  antrum  is  thick,  the  epithelium  cuboid  with 
areas  of  ciliated  epithelium,  the  subepithelial  tissue  is  also 
thick  and  rather  sodden,  it  may  be  separated  into  several 
layers,  one  of  which  may  be  identified  as  consisting  of 
embryonic  myxomatous  tissue.  It  is  richer  in  blood  vessels 
and  this  is  infiltrated  by  round  cells.  In  the  cavum  and 
antrum  are  abnormal  strands  and  sheets  of  tissue,  cysts  and 
organized  deposits. 

3.  Mastoids  in  which  pneumatization  is  partially 
arrested.     These  may  be  divided  into: 

a.  Those  in  which  we  find  the  cells  present  only  at 
the  upper  and  posterior  periphery  of  the  antrum. 

b.  Those  in  which  the  cells  are  present  in  this  region 
and  have  spread  downward  between  the  external  auditory 
canal  and  the  sinus. 

c.  Those  in  which  pneumatization  has  proceeded  so 
that  the  cells  cover  the  sinus,  leaving  the  posterior  portion 
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of  the  mastoid  solid. 

In  all  of  these  we  have  a  thickened  membrane  such  as 
we  sketched  under  type  2,  of  fibrosis  which  may  have  taken 
place  in  the  thickened  membrane,  in  which  case  the 
terminating  line  of  the  cell  will  be  abrupt.  In  order  to 
appreciate  the  reason  why  the  ascertainment  of  the 
condition  of  the  mastoid  as  regards  pneumatization  is  of 
scientific  interest  in  this  series  of  cases  of  non-suppurative 
disease  of  the  sound  conducting  mechanism,  a  knowledge 
of  the  work  that  has  been  done  in  recent  years  on  normal 
and  abnormal  pneumatization  of  the  temporal  bone  is 
necessary.  To  those  who  are  unacquainted  with  this  work 
or  to  those  whose  memory  of  it  has  become  dimmed,  a 
brief  outline  of  it  needs  no  excuse. 

Up  to  the  recent  past  three  types  of  mastoids  were 
regarded  as  normal,  id  est^,  the  wholly  pneumaticized 
mastoid^,  the  partially  pneumaticized  mastoid  and  the^ 
sclerosed  mastoids,  or  mastoids  in  which  air  cells  were 
absent.  Arthur  Cheatle  was  the  first  to  hint  that  the 
second  variety  was  due  to  developmental  irregularity  and 
referred  to  these  mastoids  as  of  "an  infantile  type."  The 
third  type,  the  so-called  "sclerosed'  mastoid  was  believed 
to  be  frequently  due  to  sclerosing  process,  the  results  of 
chronic  suppuration,  having  obliterated  previously  existing 
pneumatic  spaces.  Wittmaack  was  the  first  to  study  the 
mastoid  histologically  in  serial  sections  and  in  1918.  (?) 
published  the  results  of  his  work  of  eleven  years  on  normal 
and  abnormal  pneumatization  of  the  temporal  bone. 

He  divides  the  normal  pneumatization  of  the  temporal 
bone  into  three  stages.  In  the  first  period  we  have  the 
formation  of  the  cavum,  recessus  and  antrum.  At  birth 
these  cavities  are  filled  with  myxomatous  tissue.  At  first 
(5th  fetal  month)  there  is  a  mere  slit  existing  between 
this  myxomatous  tissue  and  the  tympanic  membrane.  The 
myxomatous  tissue  is  covered  with  cuboid  epithelium  with 
its  face  to  the  tympanic  membrane.  Gradually  the  em- 
bryonal tissue  is  absorbed  or  disappears  and  the  epithelium 
following    it    lines    the    air-containing    cavities ;    first    the 
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cavum,  then  the  recessus  and  at  last  the  antrum.  Normally, 
when  this  pneumatization  is  undisturbed,  the  submucous 
tissue  consists  eventually  of  a  very  thin  layer  over  the  bone 
and  the  epithelium  changes  from  the  cuboid  type,  normal 
in  the  embryo,  to  the  endothelioid  epithelium,  one  or  two 
cells  in  thickness. 

At  the  end  of  the  first  or  beginning-  of  the  second  year 
the  second  stage  begins  and  consists  in  the  entrance  of 
myxomatous  tissue  from  the  antrum  into  the  marrow 
spaces  of  the  underlying  spongiosa.  The  marrow  cells  of 
these  cavities  are  absorbed  and  replaced  by  the  myxoma- 
tous tissue  and  at  a  given  time  the  epithelium  from  the 
antrum  dips  down  and  as  it  dips  down  the  myxomatous 
tissue  is  in  turn  regressed  until  it  becomes  the  submucous 
layer  with  the  epithelium  covering  it.  Thus  an  air  space 
is  made.  This  process  goes  on  continuously  by  the  invasion 
of  narrow  spaces  by  the  myxomatous  tissue  from  pre- 
viously formed  cells  until  consecutively  the  air  cells  are 
completed  at  the  end  of  the  fourth  or  beginning  of  the 
fifth  year. 

The  third  stage  extends  through  life  and  is  denominated 
by  Wittmaack  as  the  stage  of  interstitial  pneumatization. 
This  consists  of  the  formation  of  small  pneumatic  spaces 
communicating  with  the  larger  spaces  which  were  formed 
in  early  childhood  in  the  nodal  points  of  the  network  which 
forms  the  walls  of  the  pre-existing  pneumatic  spaces. 

His  conclusions  are,  (1)  the  development  of  pneumatic 
systems  in  the  temporal  bone,  that  is,  the  tubal  cells,  the 
tympanic  cells  and  the  mastoid  cells  follow  a  more  fixed 
process  of  development  with  far  greater  regularity  than 
has  heretofore  been  believed.  (2)  The  normal  structure 
of  the  pneumatic  process  is  characterized  by  a  far-reaching 
pneumatization  and  not  by  a  sclerosing  process.  The 
individual  peculiarities  in  the  formation  of  the  pneumatic 
system  in  later  life,  that  is,  after  the  fifth  year,  is  not 
manifested  by  the  peculiarity  of  the  mastoid  as  a  whole, 
but  only  as  an  interference  in  the  peripheral  structure  of 
the  pneumatic  system.     It  will  be  seen,  therefore,  that  he 
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recognizes  but  one  type  of  normal  mastoid  and  that  is  one 
in  which  complete  pneumatization  occurs.  The  presence 
of  spongiosa  is  a  sign  of  arrested  development. 

What  is  the  cause  of  this  arrested  development?  And 
here  perhaps  we  have  the  corner  stone  of  Wittmaack's 
deductions.  In  seeking  for  the  cause  of  this  disturbance 
of  pneumatization  he  reasons  that  the  cause  must  primarily 
be  searched  for  in  the  middle  ear  mucosa,  the  osseous 
structures  evidently  playing  a  secondary  part  in  the  process 
of  pneumatization.  Even  in  the  normal  process  it  is  quite 
evident  that  the  bone  is  subordinate  to  the  changes  which 
are  wrought  in  it  by  the  submucous  myxomatous  tissue. 
It  has  been  known  for  a  long  time  and  written  about  by 
many  authors  that  the  middle  ear  of  the  newborn  and 
sucklings  is  subject  to  a  peculiar  inflammatory  process 
which  has  been  denominated  the  otitis  media  of  the  new- 
born, otitis  media  concomitans,  etc. 

Schwartz,  (Archiv.  fur  Ohen.,  Band  1,  page  204)  in  1864 
recognized  the  "enormous  frequency"  with  which  inflam- 
matory conditions  are  found  post  mortem  in  the  middle 
ear  in  infancy  and  in  the  description  of  the  findings  in  one 
of  his  cases  he  says :  "the  middle  ear  is  full  of  a  thick, 
greenish-yellow  pus  which  contains  well  preserved  ciliated 
epithelium.  The  covering  of  the  middle  ear  is  of  a  deep 
dark  red  color  and  is  noticably  loosened.  ♦  *  *  '^The 
ossicles  are  completely  embedded  in  the  swollen  mucous 
membrane."  There  was  no  perforation  in  the  tympanic 
membranes  reported.  This  description  tallies  closely  with 
that  of  Wittmaack  in  describing  the  same  condition  as 
it  occurred  in  his  material.  If  I  may  digress  for  a  moment 
I  would  draw  attention  to  the  condition  Schartze  found  in 
the  inner  ear  of  these  cases  a3  it  throws  a  very  sug- 
gestive light  on  the  frequency  with  which  we  discover 
involvement  of  the  sound-perceiving  apparatus  in  cases 
of  arrested  pneumatization  in  later  life. 

Von  Troltsch  also  recognized  the  frequency  with  which 
otitis  media  occurred  in  infancy  and  young  childhood.  In 
a  series  of  24  post  mortems  on  children  he  found  the 
condition  in  17. 
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However,  Schwartze  yields  the  palm  of  priority  for 
recognizing  the  frequent  occurrence  of  what  we  now  call 
otitis  media  neonatorum  to  du  Verney  who  is  known  for 
the  numerossity  of  his  ear  sections.  In  du  X'erney's 
"Tractus  de  Organo  Auditus"  (1684)  page  36,  he  says: 
"Aperui  etiam  complurium  infantium  aures,  in  quibus 
tympanum  excrementis  erat  plenum,  interim  numquam. 
neque  in  cerebro,  neque  in  osse  petroso,  inventa  ulla  prava 
dispositione." 

It  is  latent  in  its  character  and  course  and  is  discovered 
most  frequently  at  postmortem  table.  According  to 
Solowzow,  aver  90  per  cent,  of  all  newborn  children  and 
infants  are  subject  to  this  inflammatory  process  in  the 
middle  ear.  Preysing,  Gorke,  Rietschel,  and  more  lately, 
GofTert  have  extensively  investigated  this  form  of  otitis 
media.  The  frequency  with  which  it  is  found  in  children 
or  infants  rendered  it  difficult  for  Wittmaack  to  secure  a 
large  number  of  undoubtedly  normal  temporal  bones  in 
the  first  year  of  life.  Much  more  easily  could  temporal 
bones  with  this  inflammatory  process  of  the  mucous  mem- 
brane be  secured.  He  concludes  that  the  process  is  not 
physiological  but  is  undoubtedly  a  pathological  condition, 
and  this  view  is  supported  by  the  presence  of  pus  in  the 
cavities  of  the  middle  ear  and  the  known  anatomical 
changes  in  the  mucosa.  These  anatomical  changes  have 
been  especially  studied  by  Gorke  and  Rietschel  and  they 
agree  that  there  are  two  definite  types,  a  plastic  and  an 
exudative  form,  and  Wittmaack  suggests  as  a  result  of 
his  investigations  that  these  may  be  divided  into  a  latent 
insidious  type  and  a  more  acute  form  with  a  relatively 
rapid  course.  To  these  forms  Wittmaack  adds  the  hyper- 
plastic changes  in  the  plastic  otitis  media  and  an  atrophic 
form  with  an  exudate.  It  is  evident  that  in  the  majority 
of  cases  we  have  a  mixed  type  of  these  pathological  changes. 
The  pure  type  of  the  first  group  is,  however,  clinically 
without  symptoms  and  is,  therefore,  unsuspected  during 
life.  How  this  can  affect  the  pneumatization  will  appear 
later. 
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The  cause  of  this  latent,  symptomless,  insidious  form 
of  inflammation  was  ascribed  first  by  AschoiT  to  the 
aspiration  of  amniotic  liquor,  vernix  or  meconium  into  the 
tube  and  then  into  the  cavum.  The  entrance  of  this  irri- 
tant may  occur  in  fetal  life  (aspiration  of  amniotic  liquor), 
or  during  the  time  of  birth  (aspiration  of  amniotic  liquor, 
vernix  and  meconium).  The  pollution  of  the  cavum  with 
amniotic  liquor  is,  according  to  AschofiF,  the  cause  of  the 
presence  of  leukocytes  in  the  cavum  of  the  newborn. 
According  to  this  view  otitis  media  neonatorum  is  not 
an  infectious  process  but  rather  a  reaction  to  a  foreign 
body.  It  does,  however,  according 'to  Hartmann  and  other 
authors,  render  the  structures  more  disposed  to  bacterial 
invasion.  This  is  in  agreement  with  the  frequency  with 
which  bacteria  are  found  in  the  exudate  of  the  middle 
ear  of  newborn  children.  However,  the  foreign  body 
reaction  with  sterile  exudate  may  effect  changes  in  the 
mucosa  which  will  interfere  with  or  check  pneumatization. 
In  fact,  Preysing  in  a  great  number  of  all  ears  which  he 
examined  in  the  newborn  found  an  exudate  which  was 
sterile.  Among  the  infected  cases  the  pneumococcus  was 
by  far  the  most  frequently  found.  The  changes  wrought 
by  the  inflammatory  process  in  the  mucosa  are  character- 
ized by  a  more  or  less  intensive  infiltration  of  the  superficial 
layers  of  the  mucosa  and  the  epithelium  with  round  cells, 
dilatation  of  the  blood  vessels  and  production  of  an  exudate 
containing  more  or  less  pus  corpuscles.  The  epithelial 
strata  is  changed  so  that  the  ciliated  epithelium  (lining 
the  tube)  is  found  in  places  far  removed,  in  the  recessus 
and  even  in  the  antrum,  areas  in  which  the  ciliated  epithe- 
lium is  never  found  in  normal  conditions.  On  this  point 
Wittmaack  differs  with  Preysing  and  Gorke.  His  con- 
clusion, based  on  a  study  of  a  large  amount  of  material  is 
that  the  extension  of  ciliated  epithelium  over  the  mucosa 
of  the  middle  ear  must  be  regarded  as  a  pathological  pro- 
cess. He  has  proven  by  experiments  on  the  lower  animals 
— rabbits,  cats,  etc.,-=-by  production  of  a  purulent  inflamma- 
tion in  the  ear  that  he  can  produce  a  spreading  of  ciliated 
epithelium. 
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The  normal  epithelium  of  late  fetal  or  early  infantile 
life  in  the  cavum  is  cuboidal  in  character  which  changes 
under  normal  conditions  to  the  epithelioid  type.  The 
persistance  of  the  cubodial  epithelium  and  the  presence. of 
ciliated  epithelium  Wittmaack  regards  as  a  mark  of  patho- 
logical changes.  The  persistence  of  the  cuboid  and  ciliated 
epithelium  coincides  with  other  evidences  of  pathological 
conditions  in  specimens  showing  interference  with  pneuma- 
tization,  to  a  degree  that  suggests  that  his  views  are 
correct.  Moreover,  these  abnormal  epithelial  types  are 
not  present  in  normal  pneumatization. 

Allowing  for  a  relatively  broad  individual  latitude  in 
normal  regression  of  the  submucous  tissues,  there  comes 
a  time  in  the  third  to  the  fourth  month  where  a  normal 
type  may  be  differentiated  from  an  abnormal  type.  There 
can  be  no  doubt  that  in  the  presence  of  the  inflammatory 
process  under  consideration  the  superficial  layers  of  the 
mucosa  and  the  deep  subepithelial  myxomatous  tissue 
shows  no  tendency  to  regression  but,  on  the  contrary, 
displays  a  tendency  to  thicken.  Wittmaack  differs  from 
Preysing  in  this  regard  and  criticizes  one  of  his  illustrations 
which  Preysing  displays  as  a  normal  mucosa  as  being 
evidently  an  abnormal  condition  dependent  upon  an  inflam- 
matory process.  Wittmaack  believes  that  a  normally 
developed  mucosa  cannot  be  differentiated  into  various 
layers  and  when  this  is  possible  it  is  due  to  disease. 

We  have,  then,  the  persistence,  more  or  less  complete, 
of  the  embryonal  subepithelial  myxomatous  tissue,  but 
undoubtedly  a  proliferation  of  the  same.  We  have  then 
an  exquisitely  hyperplastic  mucosa  rich  in  blood  vessels. 
The  superficial  layer  under  the  epithelium  shows  marked 
infiltration  with  round  cells.  Also  there  is  a  typical  forma- 
tion of  lymph  follicles.  This  thickening  of  the  subepithelial 
tissue  is  especialh'  to  be  found  in  the  niches  of  the  cavum 
and  recessus.  Another  change  which  is  characteristic  of 
this  condition  is  the  formation  of  the  granulation  nodules. 

The  point  is  made  by  Wittmaack  that  this  inflammatory 
process  causes  the  total  or  partial  arrest  of  the  recession 
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or  disappearance  of  the  myxomatous  embryonal  tissue. 
This  does  not  occur  in  a  regular  manner  over  the  entire 
surface,  but  in  a  very  irregular  manner  depending  largely 
Upon  the  inflammatory  intensity  at  a  given  point.  It  can 
be  readily  understood  how  bridges  of  membrane  may  thus 
be  formed  by  an  incomplete  resorption,  or  abnormal  strands 
of  tissue,  can  arise  especially  in  the  recessus  epitympanicus 
and  about  the  foot  of  the  stapes — anywhere  where  there 
are  sharp  corners  and  depressions — by  residual  tissue. 

Granting  that  the  inflammatory  process  causes  persis- 
tence of  the  thick  subepithelial  portion  of  the  mucosa 
represented  largely  by  a  hyperplastic  type  derived  from 
the  former  myxomatous  tissue,  and  remembering  the  man- 
ner in  which  the  epithelium  follows  the  myxomatous  tissue 
into  the  marrow  spaces  of  the  bone  it  can  be  readily 
understood  how  the  process  of  pneumatization  is  arrested. 
It  seems  that  the  subepithelial  tissue  is  deprived  of  its 
power  of  invading  the  marrow  spaces  and  where  this  does 
occur  in  a  limited  manner  the  epithelium  has  no  power 
of  penetrating,  but  remains  as  a  level  layer  on  the  thickened 
submucous  tissue. 

He  concludes,  first,  divergences  from  the  normal  struc- 
ture of  the  mastoid  depend,  without  exception,  upon  typical 
processes  in  consequence  of  changes  in  the  character  of 
the  mucosa  in  the  first  and  second  years  of  life. 

Second,  the  changes  in  the  character  of  the  mucosa  may 
be  grouped  under  the  hyperplastic  and  fibrous  types. 

Third,  the  hyperpastic  type  develops  from  a  latent 
insidious  plastic  inflammatory  process  in  the  mucosa. 

Fourth,  the  fibrous  type  depends  on  an  acute  exudative 
inflammatory  process. 

Fifth,  whether  disturbance  of  the  pneumatization  is 
partial  or  complete  depends  upon  the  intensity  of  the 
changes  in  the  mucosa. 

Sixth,  every  type  of  disturbance  of  pneumatization  gives 
a  typical  structure  picture  of  the  mastoid — 
I.     Complete  arrest  of  pneumatization. 

a.  By  hyperplastic. 

b.  By  fibrous  mucosa. 
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II.     Partial  arrest  of  pneumatization.  • 

a.  In  the  hyperplastic  inflammation  (severe,  inter- 

mediate and  light  grade). 

b.  By  fibrous  mucosa  (prolonged  pneumatization). 
Seventh,   the    concurrence   of   hyperplastic    with    fibrous 

changes  in  the  mucosa  occur  with  relative  frequency  and 
lead  to  mixed  forms  of  structure  types,  sometimes  with 
one  and  sometimes  with  the  other  component  predomi- 
nating. 

What  relationship  does  pathological  pneumatization  bear 
to  changes  in  the  tympanic  membrane?  As  the  tympanic 
membrane  is  the  one  visible  portion  of  the  otic  structures, 
it  is  interesting  and  important  to  know  whether  the  changes 
in  this  membrane  bear  any  relationship  to  pathologic 
pneumatization.  At  the  present  time  it  is  difficult  to  say 
just  what  relationship  slight  and  moderate  anomalies  in  the 
tympanic  membrane  bear  to  the  pneumatization  process. 
This  is  readily  understood  when  we  remember  that  changes 
occur  rapidly  in  the  tympanic  membrane  after  death. 
Farther,  the  separation  of  the  tympanic  membranb  from 
the  caval  myxomatous  tissue  occurs  in  mid-fetal  life, — 
before  the  5th  month.  Wittmaack  believes  however,  that 
he  is  safe  in  saying  that  the  manubrium  in  the  otoscopic 
examination  lies  in  a  course  that  is  nearer  to  the  posterior 
external  auditory  cajial  than  in  normal  cases  and  the  cir- 
cumference of  the  tympanic  membrane  appears  more  oval 
and  is  smaller  than  normal  in  cases  of  disturbance  of 
pneumatization.  In  other  words,  the  infantile  type  of 
tympanic  membrane  persists.  Changes  in  the  tympanic 
membranes  themselves  may  or  ma}'  not  have  a  relationship 
to  the  character  of  the  mucosa  within  the  cavum.  He 
points  out,  however,  that  slight  diffuse  and  regular  cloudi- 
ness of  the  tympanic  membrane  with  a  diminution  in 
the  luster  is  an  indication  of  disturbance  of  pneuma- 
tization, together  with  the  other  changes  in  the  mucosa 
which  accompanies  these  disturbances.  This  cloudiness  is 
due  to  increase  in  the  cuticle  layer  of  the  tympanic  mern- 
brane  and  the  decreased  luster  is  due  to  a  greater  desqua- 
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mation  of  the  superficial  layers.  The  cuticle  layer  of  an 
-entirely  normal  adult  consists  of  a  single  layer  of  per- 
fectly flat  epithelium  and  this  gives  a  bright  luster.  In 
hyperplastic  changes  of  the  mucosa  we  often  find  the  deep 
cuticle  layers  composed  of  cuboid  cells.  The  subepithelial 
layers  show  a  thicker  and  richer  vascularity.  The  super- 
ficial layers  of  epithelium  are  raised  in  lamella,  which  give 
them  a  rougher  surface.  This  gives  the  cloudiness  and  lack 
of  luster  of  the  tympanic  membrane  on  otoscopy.  This  is 
a  normal  condition  in  the  first  period  of  development  and 
reaches  frequently  into  the  second  period.  In  this  way  it 
is  explained  why  in  sucklings  and  small  children  we  seldom 
find  a  tympanic  membrane  with  the  luster  of  the  adult 
tympanic  membrane.  We  very  frequently  find  by  otoscopy 
atrophy  of  the  tympanic  membrane  in  connection  with 
fibrous  changes  in  the  mucous  membrane  with  complete 
or  marked  arrest  of  pneumatization.  This  is  due  to  the 
arrest  of  the  membrana  substantia  propria. 

Abnormalities  in  the  tympanic  membrane  are  associated 
with  arrested  pneumatization  indicated  by  spotting  of  the 
tympanic  membrane  by  areas  of  thickening  associated  with 
areas  of  atrophy;  the  areas  of  thickening  appearing  as 
whitened  islands,  while  the  areas  of  atrophy  give  a  darker 
tone  due  to  their  translucence  and  the  color  of  the  mem- 
brane within  the  tympanic  cavity. 

Calcareous  deposits  in  the  tympanic  membrane  are  not 
associated  with  changes  in  pneumatization.  Peripheral 
cloudiness  of  the  tympanic  membrane  is  frequently  asso- 
ciated with  changes  in  the  mucosa  accompanying  patho- 
logical pneumatization. 

What  is  the  relation  of  pathologic  pneumatization  to  the 
accessory  mucous  membrane  bands  and  folds  ?  It  is  known 
than  in  the  recessus  epitympanicus  is  found  a  number  of 
ligaments  and  duplicatures  of  the  mucosa.  Wittmaack 
attempts  to  answer  the  question :  What  is  the  absolutely 
normal  anatomical  content  of  the  epitympanic  space?  If 
we  confine  ourselves  to  the  temporal  bone  with  a  com- 
pletely undisturbed  development  we  can   say  that  in  the 
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recessus  we  find  besides  the  two  folds,  the  ligamentum 
malei  externum  sive  laterale,  the  ligamentum  malei  sup- 
erior and  the  ligamentum  malei  anticum.  Occasionally  one 
or  the  other  of  these  ligaments  is  lacking.  Especially  is 
the  ligamentum  malei  superior  inconstant.  It  is  absent 
with  relative  frequency  in  high  tegmens  and  well  developed 
pneumatic  cells. 

When  the  bones  are  examined  at  a  time  when  the 
myxomatous  tissue  is  not  yet  completely  absorbed  the 
anlage  of  these  ligaments  can  be  discerned  within  the 
tissue  in  the  form  of  fibrillary  strands  and  presents  a 
resistance  to  the  ingrowing  epithelium  similar  tp  that 
displayed  by  the  ossicles. 

The  development  of  the  inconstant  so-called  accessory 
folds  frequently  occurs  from  the  incomplete  absorption  of 
the  subepithelial  tissue.  In  this  way  small  bridges  of 
tissue  or  sheets  of  tissue  originates,  reaching  from  one  wall 
to  the  other  of  the  epitympanic  space.  Zuckerkandl  has 
previously  described  the  development  of  accessory  folds 
in  a  similar  manner. 

The  arrest  of  pneumatization  in  the  mastoid  has  a 
tendency  to  draw  the  sigmoid  sinus  forward,  a  very  prac- 
tical fact  to  remember  in  our  operations  on  such  cases. 
Especially  noteworthy,  is  the  protocol  in  one  of  his  cases 
(No.  38)  in  which  complete  arrest  of  pneumatization  is 
pictured,  and  where  the  displacement  forward  of  the 
sigmoid  sinus  is  most  marked. 

In  summing  up  the  relationship  which  arrested  pneumati- 
zation bears  to  other  parts  of  the  temporal  bone  we  find  : 
1.  There  undoubtedly  exists  a  certain  relationship  between 
pathological  pneumatization  and  certain  anomalies  of  the 
tympanic  membrane,  lusterlessness,  cloudiness,  atrophies, 
scars,  etc. 

2.  Changes  in  the  tympanic  membrane  cannot  be 
regarded  as  always  constant  accompaniments  of  patholo- 
gical pneumatization. 

3.  In  entirely  normal  pneumatized  temporal  bones  we 
find  only  the  constant  ligaments  in  the  epitympanic  space. 
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The  development  of  accessory  folds  is  a  sign  of  pathological 
pneumatization. 

4.  .  The  displacement  forward  of  the  sigmoid  sinus  is 
found  in  pathological  pneumatization.  The  higher  grades 
of  displacement  only  with  the  worst  form  of  disturbance 
of  pneumatization. 

5.  The  persistance  and  unusual  breadth  of  the  fissures 
is  an  accompaniment  of  pathological  pneumatization. 

It  is  apparent  that  the  work  of  Wittmaack  explains  many 
hitherto  unexplained  problems.  It  explains,  for  instance, 
the  so-called  chronic  catarrhal  otitis  media  which  arises 
from  apparently  no  cause  and  which  has  been  explained  on 
the  hypothesis  of  diathesis  or  a  catarrhal  inflammation. 
It  explains  the  chronic  tubo-tympanal  inflammation,  or  at 
least  places  these  conditions  in  an  entirely  new  light. 

The  more  important  conclusions  as  regard  the  relation 
of  arrested  pneumatization  to  inflammatory  disease  of  the 
ear  may  be  summed  up  as  follows  : 

I.  I?.racti^cally  all  severe  forms  of  suppurative  middle 
ear  involvement  develop  in  temporal  bones  with  patho- 
logical pneumatization  insofar  as  this  depends  on  continu- 
ous extension  from  the  tube. 

II.  Chronic  middle  ear  suppuration  exists  on  the  basis 
of  complete  arrested  pneumatization,  or  the  severest  forms 
of  disturbance  of  pneumatization,  with  markedly  hyper- 
plastic mucosa  and  develops  in  the  child ; 

A.  Chronic  suppuration  of  the  mucosa  on  the  ground 
of  the  acute  exacerbations  of  the  suckling, 

B.  The  chronic  cholesteatoma  suppuration,  either  (a) 
after  acute  necrosing  otitis  through  ingrowth  of  the  epithe- 
lium in  consequence  of  large  peripheral  defects  of  the 
tympanic  membrane,  or  (b)  as  an  insidious  process  with 
intact  of  the  pars  tensa  after  sequestration  of  the  antrum 
recessus  from  the  cavo-tubal  cavity  in  consequence  of 
adhesions  from  Schrapnell's  membrane,  or  an  atrof^hy 
above,  or  adhesions  above  or  below  the  posterior  folds ; 
(c)  middle  ear  suppuration  with  epithelization  or  combina- 
tion recessus  cavum  and  cavum  cholesteatoma  suppuration 
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and  a  combination  of  the  process  which   leads  to  choles- 
teatoma formation. 

III.  The  form  which  the  chronic  suppuration  and  its 
course  pursues  is  preordained  by  the  anatomical  changes 
within  the  several  cavities  of  the  middle  ear  before  the 
appearance  of  the  clinical  symptoms.  Also,  the  secondary 
and  end  processes,  such  as  the  extent  of  perforation, 
epidermization,  polyp  formation,  scarring,  etc.,  depend 
upon  a  preformed  anatomical  substratum. 

IV.  The  acute  middle  ear  suppurations  develop  with 
predilection  in  medium  and  lighter  grades  of  disturbance 
of  mucosa  and  corresponding  character  of  the  mucous 
membrane. 

V.  The  greater  the  hyperplasia,  the  thiclcer  the  epithe- 
lium, and  the  less  the  pneumatization,  the  greater  is  the 
tendency  toward  the  occurrence  of  acute  inflammatory 
process  and  eventually  a  protracted  course,  and  the  less, 
on  the  contrary,  is  the  tendency  to  frank  mastoiditis  and 
vice  versa. 

VI.  The  character  of  the  secretion  in  an  acute  otitis 
media  stands  in  direct  relationship  to  the  character  of  the 
mucosa.  Thick,  highly  hyperplastic  mucosa  with  ciliated 
epithelium  is  especially  apt  to  produce  a  mucous  or  muco- 
purulent secretion.  Slight  hyperplasia  with  flat  epithelium 
gives  thick,  purulent,  tenacious,  secretions.  Fibrous 
changes  predispose  to  a  thin  Auid,  serous  or  seropurulent 
secretion. 

VII.  Normally  pneumatized  temporal  bones  are  most 
frequently  infected  in  acute  middle  ear  disease  with  re- 
sulting frank  mastoiditis. 

VIII.  Middle  ear  inflammations  of  tubercular  and 
leutic  character  exist  on  the  anatomical  substrata  of  the 
mucous  membrane  and  its  accompanying  disturbance  of 
pneumatization.  Their  course  depends  also  on  the  changes 
in  character  of  the  mucosa  as  it  occurs  in  the  course  of 
pneumatization. 

The  relation  which  pathological  pneumatization  bears  to 
endocranial   complications   is  most  interesting  and  impor- 
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taut.  In  the  pictures  which  I  shall  cause  to  be  thrown  on 
the  screen  you  will  find  how  frequently  abnormal  vascular 
communications  persist  between  the  abnormal  mucosa, 
the  meninges,  the  bulb  of  the  jugular  and  the  sigmoid 
sinus. 

It  would  be  impossible  to  give  a  complete  account  of 
the  monumental  work  performed  by  Wittmaack.  We  must 
be  content  with  this  short  and  incomplete  sketch. 

Before  closing  I  must,  however,  accentuate  the  very 
kernel  of  Wittmaack's  deductions,  namely,  that  nearly  all 
inflammatory  diseases  of  the  middle  ear,  in  their  genesis, 
nature  and  course  are  dependent  in  certain  anatomico- 
developmental  changes  in  structure  of  the  mucosa  and 
osseous  structures  of  the  ear.  Most  of  these  alterations 
in  structure  are  caused  by  a  latent,  insidious,  inflammatory 
process  which  occurs  in  early  life.  In  other  words,  if  in 
late  life  an  individual  develops  middle  ear  inflammation 
(catarrhal)  with  adhesions,  fixation  of  the  stapes,  etc.,  the 
special  suppurative  type  of  inflammation,  is  predestined, 
when  the  occasional  cause  arrives,  by  the  changes  which 
have  occurred  in  the  first  years  of  that  individual's  infancy. 
On  this  fundamental  principal  he  has  erected  a  plausible, 
logical  structure  which  must  be  proved  or  disproved  by 
future  investigations.  True,  there  are  discrepancies;  here 
and  there  we  discover  findings  and  conclusions  which  are 
susceptible  to  quite  different  interpretations,  but,  on  the 
other  hand,  he  throws  light  on  many  marked  dark  corners 
of  otology  and  explains  in  a  logical  manner  many  points 
of  pathogenesis  which  have  heretofore  been  merely  sur- 
rounded with  meaningless  words. 

Discussion. 

Dr.  Edward  B.  Dench,  New  York:  Two  of  the  plates 
were  interesting  as  showing  to  what  an  extent  pneumati- 
zation  of  the  bone  can  be  carried. 

Dr.  B.  Alex.  Randall,  Philadelphia,  Pa. :  I  am  unable 
to  accept  the  views  of  Wittmaack.    I  have  studied  his  work 
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with  great  care  and  am  utterly  unconvinced  by  his  con- 
clusions, as  I  feel  that  a  great  many  points  shown  by  his 
pictures  could  be  interpreted  differently  and  that  a  good 
many  deductions  that  he  draws  are  unjustified.  In  making 
corrosion  casts  of  the  temporal  bones  30  years  ago,  I 
found  one  case  where  the  softening  of  the  bone  in  the 
potash  solution  gave  me  only  two  chains  of  metal-filled 
cells.  These  were  complete,  reaching  to  the  tip  in  both 
directions.  The  rest  of  the  bone  showed  the  septa  or  walls 
of  a  series  of  cells  which  contained  ivory-like  nodules 
representing  the  calcified  mucosa  and  easily  separable  as 
the  pulps  from  the  skins  of  bunches  of  grapes.  We  have 
often  seen  cases  where  'granulomata'  can  form  in  the  cells 
in  one  day.  The  antrum  of  Highmore  can  be  filled  up  with 
swollen  edematous  mucous  membrane  in  one  day  and 
form  'granuloma',  which  disappears  as  quickly  as  it  forms. 
In  the  inflammatory  process  the  mucosa  has  undergone 
eburnation  and  the  process  has  completely  filled  the  cavities 
of  the  mastoid.  This  convinced  me  that  Buck  and  other 
clinicians  are  right  in  claiming  that  these  are  cases  of 
eburnization  taking  place  from  chronic  inflammation. 

Dr.  Francis  P.  Emerson.  Boston :  I  was  interested  in 
Dr.  Pierce's  pictures  and  also  in  Dr.  Randall's  comment. 
I  went  over  the  records  of  the  Massachusetts  Charitable 
Eye  and  Ear  Infirmary  for  the  past  six  months  and  found 
that  we  have  a  record  of  341  mastoid  operations,  with  41 
cases  of  arrested  pneumatization  or  a  sclerosed  process 
which  had  taken  place  in  a  pneumatic  mastoid.  I  think 
we  can  distinguish  the  infantile  type  of  mastoid  from  the 
position  of  the  sinus.  If  the  sinus  is  far  forward,  it  show? 
arrested  development.  If  it  is  far  back  it  is  the  fully 
developed  adult  type.  We  had  three  cases  of  particular 
interest  because  the  infection  was  of  a  low-grade  character. 
The  patients  came  in  with  middle  ear  symptoms  and  mas- 
toid tenderness  which  continued  about  three  weeks  without 
breaking  down.  In  these  three  cases,  so  far  as  one  could 
judge  by  the  X-ray.  there  was  a  gradual  sclerosing  process 


^2  DISCUSSION.  - 

going  on.  In  the  infantile  type.  Dr.  Pierce's  explanation 
of  the  way  meningeal  symptoms  take  place  is  interesting 
but  I  think  in  the  infantile  type  we  should  remember  that 
we  get  cholesteatoma  and  pressure  symptoms  with  danger 
from  that  source.  The  speculation  of  Wittmaack  is  a  very 
large  subject  and  one  that  will  require  a  great  deal  of 
study  and  observation  before  we  can  come  to  a  definite 
conclusion,  especially  in  view  of  the  increasing  number  of 
cases  showing  accessory  sinus  involvement  in  early  years.. 

Dr.  Emil  Amberg,  Detroit :  One  point  should  be  brought 
out :  that  is  the  value  of  the  X-ray  in  the  diagnosis  of 
middle  ear  conditions.  Wittmaack  mentions  the  assistance 
of  the  Roentgen-ray  picture  in  the  diagnosis  of  oto- 
sclerosis. Oto-sclerosis  develops,  according  to  Wittmaack, 
contrary  to  the  opinion  of  Katz,  independently  of  the 
changes  of  the  mucosa  of  the  middle  ear.  We  can  thus 
draw  conclusions  from  the  X-ray  picture,  as  it  reveals 
the  character  of  pneumatization.  Under  certain  circum- 
stances, good  pneumatization  may  be  of  diagnostic  aid. 
Wittmaack  published  a  book  on  oto-sclerosis  in  1919  .  He 
claims  the  mucosa  has  nothing  to  do  with  oto-sclerosis.  I 
believe  the  X-ray  will  throw  light  on  suppurative  pro- 
cesses as  well  as  on  oto-sclerosis. 

Dr.  Norval  H.  Pierce,  Chicago,  (closing)  :  I  brought 
pictures  to  show  that  there  is  arrest  of  pneumatization  in 
many  cases  of  non-suppurative  (catarrhal)  otitis  media. 
We  formerly  thought  obliteration  of  the  pneumatic  spaces 
of  the  mastoid  was  due  to  suppurative  inflammatory 
changes  in  the  bone.  In  the  majority  of  the  cases  I  have 
shown  there  never  was  a  chronic  discharge  from  th^  ear. 
The  drum  membranes  were  intact.  On  account  of  the 
poor  showing  of  the  plates  I  could  not  point  out  that  there 
is  often  asymmetry,  as  regards  pneumatization,  between 
the  two  sides.  That  means  that  in  a  large  series  of  cases 
of  patients  coming  for  advice  in  connection  with  so-called 
catarrhal  deafness,  we  have  found  considerable  arrest  of 
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pneumatization.  It  was  too  bad  that  Dr.  Randall  could 
not  have  preserved  that  speciman  from  which  those  little 
spheres  were  taken.  I  do  not  see  how  they  developed  in 
pneumatic  spaces,  or  how  they  became  disconnected  from 
the  walls  if  they  did  form. 

We  must  bear  in  mind  that  there  are  many  degrees  of 
disturbance  of  pneumanitization.  from  very  slight  arrest 
to  complete  arrest.  In  cases  where  the  arrest  is  limited 
to  the  posterior  sinus,  we  may  have  involvement  of  the 
anterior  series  in  acute  suppuration.  These  are  the  dan- 
gerous cases.  They  suddenly  develop  sinus  thrombosis 
without  tenderness  or  swelling  outside  because  of  the 
enormous  thickness  of  the  bone  and  the  abnormal  vascular 
supply.  These  are  the  cases  which  produce  unexpected 
thrombosis  and  meningitis  due  to  softening,  or  osteo- 
phlebitis of  aberrent  vascular  communications.  If  there 
is  a  well-defined  line  of  cells  running  down  between  the 
external  auditory  canal  and  the  sinus  we  may  have  sinus 
thrombosis,  just  as  in  the  thoroughly  pneumatized  mas- 
toid, but  you  may  not  have  the  same  symptoms,  proper 
discharge,  tenderness,  swelling. 

The  point  I  wish  to  accentuate  is  this :  The  series  of 
cases  which  I  presented  with  skiagraphic  findings  were 
the  old,  chronic,  catarrhal  otitis  media  non-suppurativa 
with  acute  exacerbation.  The  skiagraphs  show,  without 
exception,  marked  arrest  of  pneumatization.  The  peculiar- 
ity of  the  mucosa  accompanying  arrested  pneumatization 
and  on  which  the  arrest  of  pneumatization  depends,  accord- 
ing to  Wittmaack,  renders  it  especially  susceptible  to  low, 
chronic  types  of  inflammation.  The  work  of  Wittmaack  has  ■ 
been  gradually  built  up  on  eleven  years  of  research  and 
during  the  four  years  since  its  publication  in  Germany 
there  has  not  been  a  word  said  disproving  it.  In  the 
recently  published  transactions  of  the  Deutsche  otol.  Ges, 
there  was  not  one  word  of  contradiction  of  Wittmaack's 
work,  although  the  German's  are  particularly  critical  of 
each  other. 


REVIEW    OF   OUR   KNOWLEDGE   OF   THE    BLOOD 
VESSELS   SUPPLYING  THE   INTERNAL   EAR. 

By  GEO.  E.   SHAMBAUGH.  M.   D.,  Chicago,  111. 

I  have  been  asked  to  prepare  a  statement  of  our  present 
knowledge  concerning  the  blood  supply  of  the  labyrinth. 
The  subject  is  largely  one  of  purely  scientific  interest  but 
is  not  without  its  practical  bearing  on  clinical  otology.  My 
own  interest  in  the  blood  vessels  of  the  labyrinth  was 
aroused  in  the  first  place  while  studying  cases  of  the  apo- 
plectiform type  of  internal  ear  disease  ordinarily  designat- 
ed as  Meniere's  disease  and  where  the  presumption 
formerly  was  that  the  disturbances  were  the  result  of  hem- 
orrhages into  the  labyrinth.  An  increasing  knowledge  of 
the  lab3'rinth  and  especially  of  the  symptomatology  of 
sudden  disturbances  of  the  internal  ear,  especially  those  in 
connection  with  invasion  of  the  labyrinth  by  infection,  such 
as  the  extension  from  suppurative  otitis  media,  has  es- 
tablished on  a  firm  basis  the  proposition  first  advanced  by 
Meniere,  that  a  hemorrhage  into  the  labyrinth  is  capable 
of  producing  the  typical  Meniere-symptom-complex.  This 
'symptom-complex  consists  of  the  sudden  onset  of  deafness 
associated  with  tinnitus  and  vertigo.  It  has  become 
equally  clear  on  the  other  hand  that  this  symptom-complex 
is  produced  by  any  sudden  involvement  of  the  internal  ear, 
such  as  might  result  from  traumatism,  or  from  an  exten- 
sion of  infection  from  some  neighboring  part  as  well  as  the 
toxic  action  of  infection  on  the  eighth  nerve  or  the  action 
of  certain  drugs. 

Before  entering  into  a  discussion  of  the  details  of  the 
labyrinthine  blood  vessels.  I  desire  to  call  attention  to 
certain  facts  in  connection  with  this  blood  supply  which 
should  be  kept  in  mind  when  considering  the  possible  clini- 
cal eflfects  of  alterations  in  this  supply. 

The  first  point  of  interest  in  this  connection  is  that  the 
entire  labvrinth  is  supplied  by  a  single  vessel  which  enters 
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the  internal  ear  by  way  of  the  meatus  acusticus  internus. 
It  is  evident  therefore  that  a  tumor  developing  in  the  in- 
ternal meatus  might  disturb  the  function  of  the  labyrinth 
not  alone  by  exerting  pressure  on  the  eighth  nerve  but  by 
interfering  with  the  blood  supply  of  the  several  end  organs 
of  the  internal  ear.  An  embolus  lodging  in  this  artery 
would  result  in  a  sudden  suppression  of  function  and  give 
rise  to  the  IMeniere-symptom-complex  in  its  most  char- 
acteristic form.  The  deafness  would  be  complete  and  per- 
manent and  the  vertigo  intense,  though  of  course  the  latter 
would  be  of  but  temporary  duration. 

A  second  anatomical  fact  of  interest  because  of  its  pos- 
sible clinical  bearing  is  that  the  several  divisions  of  the 
labyrinthine  artery  going  to  supply  different  parts  of  the 
labyrinth  are  in  the  nature  of  end-arteries,  that  is  there 
exists  no  anastomosis  with  other  vessels  except  through 
the  terminal  capillaries.  This  is  the  type  of  arterial  supply 
to  the  brain  and  certain  other  organs.  This  anatomical 
fact  makes  it  quite  clear  that  an  embolus,  such  for  example 
as  the  air-embolus  in  cassion  disease,  when  lodging  in  a 
particular  branch  of  the  labyrinthine  artery  will  produce 
an  infarct  in  the  region  supplied  by  this  particular  artery 
and  cause  a  suppression  of  function  of  the  end  organs  re- 
stricted to  the  region  which  this  vessel  supplies.  For  ex- 
ample, a  single  arterial  trunk  called  the  anterior  vestibular 
artery  is  the  sole  blood  supply  for  the  macula  acustica  of 
the  utricle  and  the  crista  acustica  of  the  horizontal  and 
superior  canals.  An  embolus  lodging  in  this  artery  will 
produce  disturbances  of  equilibrium  and  vertigo,  but  will 
not  affect  the  function  of  the  cochlea.  Every  carefully 
observing  otologist  with  any  extensive  experience  has  en- 
countered just  such  cases  clinically,  which  apparently  might 
be  caused  by  such  a  lesion  as  the  one  just  described,  or 
possibly  by  some  selective  toxic  action  affecting  the  vestib- 
ular nerve  but  not  the  cochlear  branch  of  the  eighth. 

The  arterial  supply  of  the  cochlea  consists  of  a  large 
number  of  stems  which,  leaving  the  main  vessel  in  the 
modiolus,  radiate  at  regular  intervals  out  along  the  lamina 
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spiralis  ossea  to  supply  the  organ  of  Corti  which  rests  on 
the  membranous  extension  of  the  osseus  plate,  known  as 
the  membrana  basilaris.  Each  one  of  these  radiating  stems 
are  actually  end  arteries  an  obliteration  of  which  will  bring 
disturbance  to  but  a  restricted  area  of  Corti's  organ.  From 
our  knowledge  of  the  physiology  of  the  cochlea  we  would 
conclude  that  such  a  lesion  will  produce  a  defect  more  or 
less  restricted  in  the  midst  of  the  tone  scale.  Here  again 
is  a  clinical  phenomenon  with  which  otologists  are  quite 
familiar.  I  have  had  opportunity  to  study  several  cases 
where  individuals  apparently  in  normal  health  and  with  no 
history  of  any  previous  ear  trouble  developed  a  sudden  in- 
volvement of  one  ear  causing  tinnitus  aurium  with  a  de- 
pression of  the  hearing  function  and  where  the  functional 
examination  demonstrated  a  lesion  evidently  in  the  laby- 
rinth causing  a  defect  restricted  to  the  lower  end  of  the 
tone  scale.  The  location  of  the  lesion  in  the  cochlea  itself 
seemed  all  the  more  certain  because  in  most  of  these  cases 
the  symptom  of  diplacusis  was  also  observed.  Such  a  clini- 
cal complex  might  be  accounted  for  on  the  assumption  of  an 
embolus  in,  or  a  hemorrhage  from  the  artery  supplying 
the  apex  of  the  cochlea. 

Another  point  in  connection  with  the  blood  supply  of  the 
labyrinth,  which  is  of  considerable  interest  in  its  bearing 
on  clinical  otology  has  to  do  with  the  question  of  anastom- 
osis between  the  vessels  supplying  the  endosteum  of  the 
labyrinth,  this  is  branches  from  the  labyrinthine  artery  and 
those  found  in  the  osseous  wall  surrounding  the  internal 
ear.  It  is  apparent  that  where  such  anastomoses  exist  we 
would  have  a  plausible  explanation  for  extension  of  infec- 
tion from  the  middle  ear  to  the  labyrinth  without  the 
formation  of  a  bony  fistula  or  of  a  rupture  through  one  of 
the  labyrinthine  windows  for  the  reason  that  blood  vessels 
supplying  the  mucous  membrane  of  the  middle  ear  cavities 
also  supply  the  underlying  bone.  Politzer  and  others  have 
believed  that  such  communications  do  exist  between  the 
tympanum  and  the  inner  ear.  Some  years  ago  I  devoted 
a  special  research  to  this  problem  and  was  able  to  dem- 
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onstrate-a  great  many  places  where  the  labyrinthine  artery 
sent  branches  into  the  surrounding  bone.  This  condition 
was  found  however  only  in  the  calf.  In  neither  the  pig 
nor  the  sheep,  both  of  which  I  was  studying  extensively 'at 
that  time  was  there  any  evidence  that  the  artery  for  the 
labyrinth  gives  off  branches  to  the  surrounding  bone.  Since 
that  time  I  have  worked  out  the  blood  supply  for  the  laby- 
rinth of  the  dog  as  well  as  the  human  and  in  neither  of 
these  have  I  been  able  to  demonstrate  any  vessels  from  the 
interior  of  the  labyrinth  which  supplied  the  bony  capsule. 
This  fact  if  true,  closes  the  door  for  any  possible  communi- 
cation between  the  blood  suppl^-^  of  the  internal  ear  and  that 
of  the  mucous  membrane  lining  the  middle  ear. 

Another  fact  in  connection  with  the  blood  supply  of  the 
labyrinth  deserves  special  attention  because  of  its  funda- 
mental bearing  on  the  problem  of  sound  perception.  This 
is  the  fact  that  the  membrana  basilaris  is  always  a  vascular 
structure.  It  is  true  that  the  so  called  zona  pectinata,  that 
is  the  part  of  the  basilar  membrane  l3'ing  external  to  the 
tunnel  of  Corti  has  in  some  of  the  animals  thus  far  studied 
been  found  free  from  blood  vessels.  I  found  vessels  in 
the  zona  pectinata  in  the  pig,  the  sheep  and  the  calf  but  I 
did  not  observe  these  either  in  the  dog  or  man.  Nabeya 
found  the  zona  pectinata  vascular  in  the  rabbit  but  not  in 
the  guinea  pig.  The  important  point  is  that  in  all  the 
animals  studied,  including  man,  the  part  of  the  basilar 
membrane  directly  under  Corti's  organ,  that  is  under  the 
tunnel  of  Corti,  always  contains  blood  vessels.  The  reason 
why  the  vascularization  of  the  basilar  membrane  is  of 
special  interest  is  because  this  is  the  structure  fixed  upon  by 
Helmholtz  and  his  followers  as  the  vibrating  mechanism 
which  by  responding  according  to  the  principle  of  physical 
resonance  in  its  several  parts  to  tones  of  varying  pitch, 
brings  about  the  stimulation  of  different  areas  of  Corti's 
organ  for  each  tone  of  the  scale.  It  is  of  course  essential 
that  this  vibrating  mechanism  should  always  respond  the 
same  to  the  same  impulse,  otherwise  there  could  be  no 
recognition  of  pitch.      It  requires  no  argument  to  prove 
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that  a  vascular  structure  such  as  the  basilar  membrane  is 
incapable  of  reacting  the  same  at  all  times  to  the  same 
impulse.  So  that  whatever  our  conclusions  may  be  in 
speculating  on  the  function  of  sound  perception,  one  thing 
is  quite  definite,  namely  that  the  hypothesis  that  the  basilar 
membrane  is  the  vibrating  mechanism  is  rendered  unten- 
able because  of  the  fact  that  this  membrane  is  a  vascular 
structure. 

I  desire  to  call  attention  to  but  one  more  fact  in  connec- 
tion with  the  blood  supply  of  the  labyrinth  which  has  an 
important  bearing  on  clinical  otology.  We  have  in  the 
membranous  labyrinth,  a  highly  vascular  structure  sus- 
pended in  a  fluid  which  completely  fills  these  osseous 
chambers.  In  the  bony  walls  of  the  labyrinth  there  exist 
several  openings  suitable  for  relieving  an  increase  in  the 
intra-labyrinthine  pressure.  These  openings  are  the  oval 
and  round  windows,  the  aqueductus  cochleae  and  the  aque- 
ductus  vestibuli.  Through  the  latter  passes  the  ductus  en- 
dolymphaticus,  a  tubular  prolongation  from  the  membran- 
ous labyrinth  which  on  the  posterior  aspect  of  the  petrous 
bone  opens  into  a  veritable  expansion  tank  apparently 
designed  especially  for  taking  care  of  fluctuations  in 
the  intra-labyrinthine  pressure.  From  this  description 
of  the  relations  of  the  internal  ear,  it  is  apparent  that  with 
each  pulsation  of  the  heart  there  must  be  produced  in  the 
labyrinth  a  to-and-fro  movement  of  the  endolymph.  The 
bearing  which  this  fact  has  to  clinical  otology  is  as  follows. 
One  of  the  most  important  functions  of  the  vestibular 
mechanism  is  to  supply  a  constant  stream  of  tonus  im- 
pulses to  the  skeletal  muscles  so  necessary  in  preserving 
the  normal  equilibrium.  It  seems  probable  that  this  tonus 
function  of  the  semicircular  canals  is  a  much  more  vital  and 
important  function  than  that  of  giving  information  regard- 
ing turning  movements  and  position  in  space.  That  these 
tonus  impulses  emanate  from  the  crista  acustica  is 
generally  accepted  but  what  produces  the  constant  stimu- 
lation of  the  hair  cells  of  the  crista  has  never  been  satis- 
factorily explained.     Ewald  ventured  the  suggestion  that 
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these  cells  were  kept  in  a  constant  state  of  stimulation  as 
the  result  of  endolymph  currents  which  he  assumed  were 
constantly  present  as  the  result  of  the  constant  replenish- 
ing of  the  endolymph  from  the  stria  vascularis  and  its 
escape  through  the  ductus  endolymphaticus.  It  is  only 
necessary  to  point  out  that  such  a  current  could  not  exist 
for  the  simple  reason  that  the  ductus  endolymphaticus  ends 
in  a  closed  sack  and  does  not  communicate  with  the  cerebro- 
spinal fluid  as  Ewald  assumed.  Barany  accepts  the  con- 
clusion that  a  constant  stream  of  tonus  impulses  emanate 
from  the  hair  cells  of  the  cristae  but  offers  no  explanation 
for  the  continuous  stimulation  of  these  hair  cells  which 
this  hypothesis  presupposes.  The  explanation  given  above 
of  a  continuous  to-and-fro  movement  in  the  endolymph 
resulting  from  the  arterial  pulsations  supplies  exactly  the 
sort  of  stimulation  necessary  to  account  for  the  constant 
supply  of  tonus  impulses  which  as  we  have  already  pointed 
out  constitutes  such  an  important  pa;rt  of  the  vestibular 
function.  In  my  work  on  the  structure  and  function  of  the 
crista  ampullaris  (1)  I  offered  this  explanation  of  the 
origin  of  labyrinth  tonus  and  at  the  same  time  showed  how 
the  sum  total  of  tonus  impulses  from  the  labyrinth  on  one 
side  stimulates  the  muscles  causing  movements  toward 
the  opposite  side  thus  accounting  for  the  clinical  phenom- 
ena observed  in  the  sudden  destruction  of  one  labyrinth 
when  the  patient  falls  toward  the  affected  side  and  a  spon- 
taneous nystagmus  develops  with  the  slow  component 
towards  the  affected  side.  I  repeat  the  explanation  here 
as  it  seems  to  be  a  point  not  fully  appreciated  by  many 
otologists. 

The  facts  may  be  set  forth  briefly  as  follows :  My  studies 
of  the  minute  anatomy  of  the  crista  ampullaris  convinced 
me  that  an  actual  displacement  of  the  cupola  on  the  crista 
as  generally  supposed,  where-by  all  the  hair  cells  on  each 
side  of  the  crista  are  stimulated  is  not  possible.  This  hy- 
pothesis of  displacement  of  the  cupola  had  given  rise  to  the 

(1)  Uber  den  Bau  und  die  Funktion  de  Crista  Ampullaris.  Zeitschrift 
fur  Ohrenheilkunde,  etc.,  Mai,  1912. 
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theory  of  a  positive  and  negative  response  for  the  hair  cells 
of  the  crista  depending  on  the  direction  of  the  endolymph 
current.  This  is  not  sound  physiological  reasoning  to  as- 
sume that  the  same  hair  cells  are  capable  of  one  kind  of 
response  by  an  endolymph  current  in  one  direction  an 
opposite  kind  of  response  by  a  current  in  the  opposite  direc- 
tion. With  my  conclusion  that  a  displacement  of  the  cup- 
ola is  impossible  it  is  apparent  that  only  those  hair  cells  on 
the  side  of  the  crista  receiving  the  impact  are  stimulated  by 
an  endolymph  current  while  the  hair  cells  on  the  opposite 
side  of  this  crista  are  stimulated  by  an  endolymph  current 
in  the  opposite  direction.  With  this  fact  in  mind  the  ex- 
planation why  the  sum  total  of  the  tonus  impulses  from  the 
right  labyrinth  produce  movements  towards  the  left  and 
vice  versa  becomes  quite  clear.  The  explanation  is  as 
follows :  It  has  been  established  that  an  endolymph 
current  in  one  direction  in  a  semicircular  canal  stimulates 
the  muscles  which  produce  movements  in  the  direction  of 
the  endolymph  current  while  a  current  in  the  opposite 
direction  stimulates  the  opposite  group  of  muscles. 
Furthermore  it  has  been  established  that  for  each  canal  an 
endolymph  current  in  one  direction  produces  a  much 
stronger  response  than  does  a  current  in  the  opposite 
direction.  It  happens  now  that  for  each  canal  it  is  those 
endolymph  currents  which  stimulate  muscles  resulting  in 
movements  towards  the  opposite  side  that  give  the 
stronger  responses  which  is  only  another  way  of  saying 
that  the  impulses  emanating  from  those  hair  cells  of  each 
crista,  the  stimulation  of  which  produces  movements  to- 
ward the  opposite  side,  are  stronger  than  the  impulses  from 
the  opposite  group  of  hair  cells  which  produce  movements 
towards  the  same  side.  The  tonus  impulses  from  the 
crista  of  each  canal  stimulates  muscles  causing  movements 
in  the  two  directions  but  the  stronger  impulses  are  of 
course  always  those  causing  movements  towards  the 
opposite  side.  Barany  in  a  recent  communication  (1)  re- 
ports a  series  of  observations  bearing  on  the  effect  of  the 

(1)     Modern  Labyrinthology — Laryngoscope,  July,  1921. 
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vascular  supply  of  the  labyrinth  on  labyrinth  tonus. 

On  pag-e  409  he  states  that  "this  (phenomena  of  ocular 
movements)  is  due  to  the  to-and-fro  movements  of  the 
endoiymph  and  that  this  movement  is  brought  about  by  the 
conjestion  or  depletion  of  the  vessels  in  the  lab)  rinth.  It 
may  be  assumed  that  the  endoiymph  is  directed  towards 
the  vent  during  systole  and  away  from  it  during^  diastole. 
As  the  result  of  this  observation  I  think  the  hypothesis  of 
Shambaugh  advanced  some  years  ai^o  may  be  realized, 
namely,  that  the  pulse  wave  in  the  normal  siibject  in- 
fluences the  endoiymph  in  a  to-and-frn  motion  and  thereby 
establishes  the  tonus  of  the  vestibular  apparatus  from  the 
periphery.  Apparently  these  movemenr:.,  are  so  slight,  due 
to  the  small  calibre  of  the  normal  vessels,  that  they  do  not 
produce  a  slow  ocular  movement  in  the  normal  subject, 
nevertheless  I  think  it  might  be  possible  to  maintain  tonus 
of  the  vestibular  apparatus  from  the  periphery  with  even 
such  a  slight  stimulation.  In  the  presence  of  hyperemia  of 
the  labyrinth  these  movements  naturally  are  more  marked 
and  then  set  up  this  rocking  ocular  movement.  The 
presence  of  a  peripheral  labyrinth  tonus  (Shambaugh) 
does  not  indicate,  as  I  would  observe  in  passing,  a  coex- 
istent central  tonus  of  the  nerve  cells."  With  this  brief 
statement  of  the  bearing  which  the  blood  supply  of  the 
labyrinth  has  on  clinical  otology,  we  approach  with  added 
interest  the  study  of  these  blood  vessels. 

The    Arterial    Supply. 

This  comes  from  a  single  vessel,  the  labyrinthine  artery 
which  reaches  the  internal  ear  by  way  of  the  meatus  acus- 
ticus  internus.  I  have  seen  no  exception  to  this  arrange- 
ment except  in  the  calf,  where  as  an  anatomical  variation 
an  arterial  trunk  was  seen  to  penetrate  the  capsule  of  the 
labyrinth  and  form  the  artery  of  the  crus  commune. 

As  regards  the  distribution  of  the  branches  of  the  laby- 
rinthine artery  to  the  several  parts  of  the  labyrinth,  a  strik- 
ing uniformity  exists  for  all  the  animals  so  far  studied.     In 
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each  species  including  man  the  first  branch  constitutes  the 
sole  blood  supply  for  the  macula  acustica  of  the  utricle  as 
well  as  the  cristae  acusticae  and  the  anterior  crurae  of  the 
horizontal  and  superior  semicircular  canals.  This  vessel 
is  known  as  the  anterior  vestibular  artery. 

The  crista  acustica  of  the  posterior  canal  is  supplied  by 
the  second  branch  known  as  the  posterior  vestibular  artery. 
This  vessel  supplies  not  alone  the  crista  acustica  of  the 
posterior  canal  but  also  the  crus  commune,  the  posterior 
crurae  of  the  posterior  and  horizontal  canals  and  both 
crurae  of  the  posterior  canal.  There  are  a  number  of  var- 
iations in  this  arterial  supply  for  the  crus  commune  and 
posterior  canal.  The  most  typical  arrangement  is  for  a 
single  artery  to  supply  all  of  these  structures.  In  some 
animals  as  for  example  the  sheep  and  the  calf,  the  posterior 
vestibular  artery  supplies  only  the  crista  and  the  posterior 
crus  of  the  posterior  semicircular  canal,  while  a  separate 
branch  from  the  labyrinthine  artery  supplies  the  crus 
commune  and  the  posterior  crurae  of  the  superior  and 
horizontal  canals  as  well  as  the  anterior  crus  of  the  pos- 
terior canal.  The  position  of  the  artery  supplying  the 
semicircular  canals  is  always  the  same.  They  lie  in  the 
endosteum  along  the  concave  side  of  the  canal. 

The  arrangement  of  the  arterial  branches  at  the  base  of 
the  cochlea  differ  widely  in  different  species.  In  both  the 
calf  and  the  pig  an  elaborate  system  of  anastomosing  loops 
exists  from  which  are  given  off  all  the  arteries  to  the 
cochlea  as  well  as  to  the  vestibule  and  semicircular  canals, 
with  a  single  exception  the  anterior  vestibular  artery,  the 
first  branch  of  the  artery  of  the  labyrinth  is  given  off  be- 
fore the  vessel  breaks  up  into  anastomotic  loops.  In  the 
sheep  these  anastomotic  loops  are  very  meagre  as  they 
also  are  in  the  dog  and  in  man. 

The  typical  arrangement  for  the  arterial  supply  of  the 
cochlea  consists  of  two  sets  of  radiating  arteries.  One  set 
runs  out  along  the  lamina  spiralis  to  supply  the  spiral  gang- 
lion and  the  organ  of  Corti,  the  terminal  twigs  forming  one 
or  two  so-called  spiral  vessels  attached  to  the  under  surface 
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of  the  basilar  membrane  directly  under  the  tunnel  of  Corti. 
From  these  spiral  vessels  an  occasional  branch  radiates 
across  the  zona  pectinata  of  the  basilar  membrane  to  joni 
the  vessels  in  the  spiral  ligament.  These  vessels  in  the  zona 
pectinata  I  found  in  the  pig  the  sheep  and  the  calf  but  not 
in  the  dog  or  in  man.  Xabeya  found  these  in  the  rabbit  bur 
not  in  the  guinea  pig. 

The  situation  as  regards  the  vascularization  of  Reissner's 
membrane  is  peculiar.  This  structure  remains  as  a  rule 
free  from  blood  vessels.  In  some  species  however,  it  is  a 
vascular  structure.  In  the  human  labyrinth  no  vessels  are 
found  in  Reissner's  membrane.  This  is  also  true  for  the 
domestic  pig,  the  guinea  pig  and  the  dog.  In  the  sheep, 
the  calf  and  the  rabbit,  Reissner's  membrane  is  vascular. 
The  arterial  supply  comes  either  from  the  vessels  radiating 
over  the  scala  vestibuli  or  from  branches  from  the  stria 
vascularis' while  the  veins  join  those  of  the  lamina  spiralis. 

The  under  surface  of  the  basal  coil  is  usually  quite  free 
from  arterial  vessels.  In  the  sheep  and  the  calf,  I  found  a 
few  arterial  twigs  lying  in  the  endosteum  of  the  basal  coil, 
external  to  the  veins  occupying  this  region.  In  both  of 
these  species  an  arterial  twig  is  constantly  found  leaving 
the  labyrinth  along  the  aqueductus  cochlea.  It  is  not  un- 
usual also  to  find  a  small  arterial  twig  leaving  the  labyrinth 
along  the  aqueductus  vestibuli.  I  found  such  a  vessel  in 
both  the  sheep  and  the  calf,  but  did  not  observe  this  in  the 
pig,  the  dog  or  in  man. 

The   Venous    System. 

The  venous  system  of  the  labyrinth  can  be  summed  up 
in  a  very  few  words.  In  most  of  the  species  so  far  studied 
all  the  veins  from  the  labyrinth  are  collected  into  a  single 
vessel  which  leaves  the  internal  ear  by  wa}-  of  the  aque- 
ductus cochlea.  This  condition  exists  in  the  pig  and  the 
sheep  as  well  as  in  the  guinea  pig.  the  dog  and  the  cat.  A 
variation  from  this  rule  is  found  in  the  rabbit  and  in  man, 
where  the  chief  exit  of  the  veins  from  the  semicircular 
canals   is.  along  the   aqueductus   vestibuli.     In   the   calf   a 
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single  vein,  that  of  the  aquediictus  cochlea  is  the  rule,  and 
as  an  anatomical  variation,  occasionally  a  small  vein  from 
the  cms  commune  leaves  by  way  of  the  aqueductus  vesti- 
buli.  Siebenman  for  the  human  ear  and  Asai  for  the  dog 
and  the  rat  have  described  a  third  vein  which  drains  the 
labyrinth  lying  in  the  meatus  acousticus  internus.  Neither 
Nabeya  nor  myself  have  been  able  to  verify  this  vessel.  No 
vessel  leaving  the  labyrinth  was  found  by  me  in  the  internal 
meatus  of  the  pig,  the  sheep  and  the  calf.  I  have  since 
made  a  series  of  preparations  for  man  and  the  dog.  In  both 
I  found  all  the  veins  leaving  the  labyrinth  along  the  aque- 
ductus cochlea  or  the  aqueductus  vestibuli.  Nabeya  found 
in  both  the  guinea  pig  and  the  cat  that  all  the  veins  of  the 
labyrinth  were  collected  into  a  single  trunk,  the  vein  of  the 
aqueductus  cochlea.  In  the  rabbit  only  did  he  find  a  vessel 
draining  the  semicircular  canals  which  found  its  way 
through  the  aqueductus  vestbuli. 

A  summary  of  the  more  important  features  of  the  blood 
supply  for  the  internal  ear  includes  the  following  points  : 

(1).  The  arterial  supply  is  from  a  single  vessel  entering 
the  labyrinth  by  way  of  the  meatus  internus.  An  exception 
in  the  nature  of  an  anatomical  variation  was  found  by  mc 
in  the  calf  where  an  artery  from  the  bony  capsule  supplied 
a  branch  to  the  crus  commune.  A  similar  observation  was 
made  by  Sappy. 

(2).  The  typical  arrangement  for  the  venous  system  is 
for  all  the  vessels  to  collect  into  a  single  trunk  which  leaves 
the  labyrinth  along  the  aqueductus  cochlea.  An  exception 
to  this  arrangement  is  found  in  some  species  including  man, 
where  the  veins  from  the  semicircular  canals  in  part  or  as 
a  whole  are  collected  into  a  trunk  which  leaves  along  the 
aqueductus  vestibuli. 

(3),  No  communications  exist  between  the  blood  supply 
of  the  labyrinth  and  the  surrounding  structures.  Excep- 
tions to  this  rule  occur  occasionally.  In  the  calf  many 
branches  from  the  labyrinthine  artery  were  given  off  to 
the  bony  capsule.     In  the  sheep,  the  calf,  and  the  dog,  a 
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small  arterial  twig  left  the  labyrinth  along  the  aqueductus 
cochlea. 

(4).  The  arterial  supply  to  the  several  parts  of  the  laby- 
rinth is  through  end-arteries.  The  several  end-organs  iso- 
lated in  this  way  are:  (a)  the  macula  acustica  of  the  ves 
tibule,  and  the  crista  acustica  of  the  superior  and  horizontal 
canals;  (b)  the  crista  acustica  of  the  posterior  canal;  (c) 
the  several  parts  of  Corti's  organ,  each  supplied  by  a  vessel 
which  radiates  out  from  the  modiolus  along  the  lamina 
spiralis ;  (d)  the  macula  acustica  sacculae. 

(5).  The  membrana  basilaris  is  always  a  vascular  struc- 
ture, blood  vessels  being  constantly  found  under  the  tunnel 
of  Corti.  The  importance  of  this  fact  is  that  these  vessel.s 
make  it  impossible  for  this  structure  to  fill  the  role  of  the 
vibrating  mechanism  in  sound  perception,  since  to  fill  this 
role  it  is  essential  that  it  should  vibrate  the  same  at  all  times 
to  the  same  impulse,  and  this  a  vascular  structure  would 
not  be  able  to  do. 

Discussion. 

Dr.  J.  Gordon  Wilson,  Chicago :  The  Society  is  indebted 
to  Dr.  Shambaugh  for  this  demonstration  of  beautiful  and 
instructive  preparations  of  the  vascular  circulation  of  the 
internal  ear.  I  can  follow  Dr.  Shambaugh  on  most  of  the 
deductions  he  makes,  but  there  is  one  based  on  an  inter- 
pretation of  the  anatomical  preparations  to  which  I  take 
objection,  namely,  relative  to  tonus.  Dr.  Shambaugh's 
hypothesis  can  be  stated  briefly  as  follows :  Labyrinthine 
tonus  owes  its  origin  to  stimulation  of  the  hair  cells  of  the 
crista  ampullaris  and  this  stimulation  is  the  result  of  a  to 
and  fro  movement  of  the  endolymph  resulting  from  the 
heart  beat.  Parenthetically  it  might  here  be  remarked  that 
the  evidence  for  the  maculae  is  at  least  as  clear,  if  not 
clearer,  than  for  the  cristae.  On  this  hypothesis  Dr. 
Shambaugh  would  explain  the  constant,  steady  and  almost 
indefatigable  force  which,  originating  in  the  labyrinth,  acts 
on  certain  muscles  of  the  body. 


C)g  DISCUSSION. 

My  ol)jection  to  this  hypothesis  may  be  thus  stated 
l)riefly : 

(1)  The  principal  vessels  in  the  lal)yrinth  are  capillaries 
with  a  few  arterioles,  and  one  gets  a  false  conception  of 
their  size  from  injected  vessels.  The  vessels  here  shown 
are  not  only  enormously  enlarged  but  also  relatively  dilated 
by  the  injections.  The  capillaries  are  microscopic  and  the 
arterioles  are  little  larger.  In  no  capillaries,  in  any  part 
of  the  l)ody  where  they  have  been  studied,  has  pulsation 
been  seen.  "In  capillaries  the  rhythmic  flow  of  the  heart 
is  converted  into  a  continuous  flow."  Pulsation  seen  in 
capillaries  and  veins  is  pathological.  There  has  been  much 
dispute  as  to  whether  or  not  in  arterioles  of  the  size 
present  in  the  labyrinth  pulsation  is  present.  Many  believe 
it  is  not.  In  the  eye  whose  vascular  constitution  closely 
duplicates  the  ear,  even  though  the  vessels  are  larger, 
pulsation  is  never  seen  except  in  pathological  states. 
(P\ichs). 

(2)  There  is  no  experimental  evidence  that  such  rhyth- 
mic movement  as  this  hypothesis  requires  occurs  in  laby- 
rinth fluids.  Ewald  did  not  observe  any  such  pulsation 
after  injecting  a  dye  into  the  endolymph,  though  he  noted 
a  restless  condition.  He  believed  this  to  be  a  current  in 
one  direction  and  postulated  movement  by  ciliary  action. 

(3)  In  pathological  states  involving  the  cardiac  circu- 
lation one  might  expect  to  find  some  alteration  in  tonus 
in  cases  where  one  has  so  wide  a  gap  between  systolic  and 
diastolic  pressures  as  occurs  in  aortic  regurgitation.  Here 
the  difference  in  pressure  between  systole  and  diastole  may 
be  as  much  as  9  times  greater  than  normal,  and  yet  no 
effect  on  tonus  has  been  noted.  What  experimental  evi- 
dence we  have  is  not  confirmatory  of  the  hypothesis ;  in 
injection  of  drugs  which  greatly  affects  the  blood  pressure 
there  is  no  alteration  in  tonus.  In  decerebrated  rigidity 
we  have  a  tremendous  increase  in  tonus  with  little  circula- 
tory disturbance.  To  argue  that  such  pulsation  is  so  small 
that    it   cannot   1)e    seen   or   determined   is    so   negative    a 
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position  that  I  am  sure  Dr.  Shambaugh  would  be  the  last 
to  suggest  it. 

On  the  other  hand  we  have  a  mass  of  evidence  pointing 
to  gravity  as  being  the  casual  factor.  On  this  subject  I 
have  so  recently  written  that  I  need  not  here  refer  to  it. 

Dr.  Emil  Amberg,  Detroit :  I  think  that  otology  is  very 
much  indebted  to  Dr.  Shambaugh  for  this  beautiful  work. 
The  idea  that  the  basilar  membrane  is  not  instrumental 
in  tone  perception  has  been  brought  forward  also  by 
Oswald  Baer  in  1872,  in  a  doctor's  dissertation  in  Breslau. 
While  I  do  not  desire  in  any  way  to  take  issue  with  this 
idea,  the  mere  fact  that  a  blood  vessel  has  its  course  in 
the  lower  portion  of  the  basilar  membrane,  is  to  me  no 
proof  against  the  functioning  of  the  membrane.  It  is  by 
no  means  impossible  that  Dr.  Shambaugh's  investigations 
concerning  the  vessel  supply,  and  the  fact  that  the  arteries 
are  endarteries  are  of  much  greater  clinical  significance 
than  the  doctor  is  probably  aware  of.  To  my  mind,  the 
facts  adduced  go  very  well  in  hand,  I  may  even  say,  they 
dovetail  with  Wittmaack's  findings  concerning  otosclerosis. 
If  that  should  prove  to  be  the  case,  we  see  a  corroboration 
of  Wittmaack's  views  and  we  may  stand  at  the  threshold 
of  new  conceptions.  While  not  exactly  pertaining  to  the 
subject,  may  I  be  permitted.  Mr.  President,  to  touch  on  a 
few  points  which  Dr.  Shambaugh  mentioned  in  his  dis- 
course? We  learned  that  the  doctor  did  not  realize  in  the 
beginning  of  his  work  what  it  might  lead  to.  Frequently 
in  research  work,  new  problems  present  themselves  in  the 
course  of  the  work.  Things  which  appear  to  be  strictly 
theoretical  may  assume  great  practical  importance  in  the 
future.  This  should  be  a  great  incentive,  especially  to  the 
younger  men.  Furthermore,  we  learned  that  at  a  moment 
of  rest  a  thought  struck  the  doctor  like  lightening.  That 
suggests  to  us  that  rest  is  essential  for  contemplation. 
Constant  routine  work  does  not  allow  thoughts  to  be 
developed,  nor  does  it  allow  the  development  of  the  greatest 
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efficienc3^  The  well  know  story  of  a  gentleman  who  said 
he  could  do  a  year's  work  in  9  months,  but  not  in  12, 
illustrates  this  point  very  well. 

Dr.  E.  A.  Crockett,  Boston :  Dr.  Shambaugh  made  a 
very  important  clinical  inference  when  he  said  that  the 
apoplexy  of  endarterial  type  was  the  common  cause  of 
the  apoplectic  form  of  Meniere's  disease.  If  you  take  a 
clinical  report  you  will  find  very  little  diagnosis  made, 
usually  of  the  apoplectiform  type.  In  a  very  large  number 
of  cases  the  Barany  test  will  show  both  ears  affected,  one 
markedly,  one  slightly.  These  lesions  are  not  in  the 
labyrinth,  but  must  be  central.  In  a  woman  with  severe 
apoplectiform  vertigo,  a  careful  Barany  test  showed  inac- 
curacy of  the  labyrinth  on  both  sides.  Clinically  speaking, 
the  labyrinth  is  very  seldom  affected.  I  believe  the  lesion 
is  extralabyrinthine  and  in  the  neighborhood  of  the  pons. 

Dr.  E.  P.  Fowler,  New  York :  Just  one  point,  which  I 
brought  forward  12  years  ago,  as  a  possible  solution  of 
the  tonus  problem  :  namely  that  possibly  convection  cur- 
rents of  or  in  the  endolymph  might  be  the  cause  of  the 
tonus.  This  was  not  taken  seriously  at  the  time  but  there 
are  many  facts  which  might  support  that  theory :  the 
constant  presence  of  such  currents  as  proved  by  physical 
laws  and  the  preponderating  influence  of  the  vertical  canal. 
We  have  better  tonus  with  the  head  erect.  In  other 
positions  there  is  a  partial  failing  of  tonus.  I  showed  in 
a  certain  case  how  minute  temperature  changes  would 
influence  vertigo  and  nystagmus,  (even  with  two  to  three 
degrees  Fahrenheit),  by  means  of  caloric  irrigations  in 
certain  selected  cases. 

Dr.  Edward  B.  Dench,  New  York :  As  I  understand  it 
there  is  no  communication  between  the  vessels  of  the 
labyrinth  itself  and  the  paralabyrinthine  tissue.  Is  there 
any    explanation    for    the    symptoms    of    perilabyrinthitis, 
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which  immediately  ceases  when  you  remove  the  bone? 
Some  vessels  come  very  close  to  the  perilabyrinthine  bone 
and  certain  infections  might  change  the  chemical  compo- 
sition of  the  fluid  or  unduly  affect  these  tissues.  You  do 
find  abnormality  of  the  bone  which  lies  between  the  semi- 
circular canal,  and  by  cleaning  that  out  symptoms  disappear. 

Dr.  Isaac  H.  Jones,  Los  Angeles :  The  anatomic  data 
Dr.  Shambaugh  has  just  given  us  helps  clear  up  the  diagno- 
sis of  a  recent  case.  A  woman,  in  excellent  health,  sitting 
quietly  at  an  afternoon  tea,  was  stricken  with  vertigo  and 
vomiting,  carried  home  and  put  to  bed.  The  vertigo  and 
vomiting  continued  for  four  days ;  then,  as  she  expressed 
it,  "I  opened  my  eyes  and  saw  double."  Complete  recovery 
— with  exception  of  the  following  unusual  finding;  both 
cochleas  normal ;  all  responses  from  all  semicircular  canals 
normal,  except  left  horizontal  canal.  Caloric  stimulation 
of  left  horizontal  canal  produced  no  response  whatever. 
On  tilting  head  forward,  nystagmus  and  vertigo  appeared 
at  once ;  on  tilting  head  back  again  60°,  no  responses. 
Dr.  Ingham  and  I  figured  that  the  lesion  is  adjacent  to  the 
left  VI  nucleus  in  the  pons,  presumably  embolus  in  a 
minute  arteriole.  Dr.  Crockett  just  mentioned  that  he 
has  come  to  consider  such  apoplectiform  disturbances  as 
usually  of  central  origin ;  in  this  case  it  would  seem  impro- 
bable that  both  cochleas  could  be  normal  and  all  semi- 
circular canals  normal  except  one  and  that  this  one  isolated 
attack  had  caused  a  destruction  of  the  left  horizontal  canal 
itself.  Again,  the  involvement  of  the  left  external  rectus 
seemed  to  determine  that  the  lesion  is  not  within  'the 
internal  ear.  Reinforcing  the  concept  of  this  lesion  as 
being  within  the  brain-stem,  comes  this  demonstration  by 
Dr.  Shambaugh.  that  the  superior  and  horizontal  canals 
are  supplied  by  the  same  artery.  An  embolus  or  other 
lesion  affecting  this  artery  would  presumably  not  have 
destroyed  function  in  the  horizontal  canal  without  affecting 
the  function  of  the  superior  canal. 


iQQ  DISCUSSION. 

Incidentally,  this  case  suggests  that  the  pathway  from 
the  horizontal  canal  traverses  the  region  near  the  VI 
Nucleus  of  the  same  side. 


Dr.  B.  Alexander  Randall,  Philadelphia  :  In  spite  of  Dr. 
Shambaugh's  beautiful  demonstration,  I  still  hold  to  the 
views  of  Helmholtz.  I  recognize  no  other  structure  in 
the  cochlear  so  capable  as  the  basilar  membrane  of  fur- 
nishing resonance  to  the  Corti  apparatus.  This  arterial 
theory  is  not  sound.  With  a  vibrating  string  you  can 
touch  nodal  points  without  interfering  with  the  vibration. 
The  vessels  may  do  no  more  than  mark  the  nodes  in  the 
vibrations  of  the  composing  striae  of  the  basilar  membrane. 

In  the  stria  vascularis  of  the  cochlea  we  have  a  secretion 
of  endolymph.  I  do  not  believe  that  this  is  the  source  of 
that  in  the  semicircular  canals  which  acts  upon  the  crista. 
The  preponderant  effect  of  the  current  is  in  one  direction — 
in  the  superior  canal,  the  upward  being  the  most  powerful, 
for  upon  the  corresponding  side  of  the  crista  we  have 
twice  as  many  hair-cells  as  on  the  other.  In  the  convexity 
of  each  semicircular  canal  we  have  a  corresponding  organ 
which  differs  from  the  rest  of  the  lining  of  the  canal.  At 
such  points  we  have  a  distinct  secretion  of  the  endolymph, 
which  would  provoke  a  current  in  the  canal  towards  the 
ampullae  and  give  an  increased  hyperemia  flow,  which 
impresses  itself  upon  the  hair-cells  of  each  crista.  I  believe 
that  is  of  fundamental  importance. 

Dr.  G.  E.  Shambaugh  (closing)  :  I  have  been  interested 
in  seeing  how  the  anatomical  facts  impressed  people.  I 
wonder  how  we  get  these  results  if  blood  vessel  communi- 
cations do  not  exist.  In  answer  to  Dr.  Crockett,  hem- 
orrhage can  have  that  effect,  but  it  is  usually  something 
else.  I  like  to  get  Dr.  Wilson's  criticism,  but  I  think  he 
leans  over  backwards  to  find  objections.  I  do  not  see  why 
pulsation  cannot  exist  in  the  labyrinth.  I  think  there  is 
increased    pressure    with     the    cardiac     systole.       Barany 
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thinks  that  with  cardiac  lesions  there  is  a  variation  there. 
When  one  ear  is  destroyed,  if  you  increase  the  tonus  why  is 
there  any  disturbance.  After  a  long  time  both  come  equal, 
but  in  recent  cases  they  are  not  equal. 

In  answer  to  Dr.  Randall :  It  is  perfectly  possible  to  see 
pulsation  in  the  eye  grounds,  sometimes  in  apparently 
normal  cases,  although  I  have  never  been  able  to  get  a 
sign  of  the  pulse  passing  into  the  capillary  system. 

Replying  to  Dr.  Dench  :  We  would  find  a  more  ready 
explanation  for  the  symptoms  occuring  in  cases  where  we 
diagnose  perilabyrinthitis  were  it  established  that  blood 
vessel  communications  exist  between  the  membranous 
labyrinth  and  the  bony  capsule. 

Regarding  the  remarks  by  Dr.  Crockett :  Hemorrhages 
can  readily  account  for  internal  ear  disturbances  but  I  am 
inclined  to  think  that  the  cases  where  an  actual  bleeding 
in  the  labyrinth  takes  place  is  very  exceptional.  The 
apoplectic  attacks  of  internal  ear  disturbance  such  as 
occurs,  for  example,  causing  the  Meniere  symptom  com- 
plex are  perhaps  more  often  embolic  processes. 

I  was  pleased  to  hear  Dr.  Wilson's  criticism  especially, 
because  it  is  apparent  that  he  was  making  a  strained  effort 
to  find  some  objection  to  the  hypothesis  which  I  advanced 
that  the  pulsations  in  the  labyrinth  could  account  for  the 
origin  of  labyrinth  tonus.  I  do  not  feel  that  he  made  a 
very  good  case.  It  is  apparent  from  the  descriptions  I 
have  given  of  the  anatomical  relations  that  such  pulsations 
do  take  place.  An  actual  demonstration  can  of  course  not 
be  made  but  this  in  no  way  argues  that  they  do  not  exist. 
Barany  from  his  clinical  observations  seems  to  feel  that 
the  explanation  which  I  offered  years  ago  for  the  origin 
of  labyrinth  tonus  is  the  most  likely  explanation  of  this 
phenomena. 

Dr.  Randall  stated  that  it  is  perfectly  possible  to  see 
pulsation  in  the  eye  grounds,  sometimes  in  apparently 
normal  cases,  although  he  has  never  been  able  to  get  a 
sign  of  the  pulse  passing  into  the  capillary  system. 


RECONSTRUCTION  OF  CONGENITAL  DEFECTS  AND 
ACQUIRED  EXTERNAL  EAR  DEFORMITIES.* 
(ABSTRACT). 

By  JOSEPH  C.   BECK.   M.   D.,   Chicago,   111. 

In  presenting  the  subject  of  Otoplasty  as  titled  in  this 
paper,  the  writer  is  compelled  to  resort  to  brevity.  There- 
fore all  technical  details  as  well  as  references  to  literature 
will  be  limited  to  the  minimum.  Departure  from  the  usual 
style  is  that  the  conclusions  are  presented  first  and  again 
last. 

A  series  of  lantern  slides  of  cases  in  various  stages  of 
operation  (376  illustrations)  from  which  one  will  get  the 
idea  of  the  difficulties  entailed  in  the  management  of  cases 
of  otoplasty.  The  subject  of  correction  is  divided  into  those 
(a)  Congenital  origin  and  (b)  that  of  acquired.  These  are 
outlined  in  the  following  table  which  the  writer  has 
prepared  for  a  working  basis  : 

A.     Congenital 

I.     Complete  absence  of  one  or  both  auricles. 
II.     Absence  of  part  ear. 

III.  Asymmetry  of  the  two  ears. 

IV.  Accessory  or  multiple  ears  (Poliotia). 

V.     Abnormally  large  ears  (microtia  or  otomegally). 

1.  of  the  Cartilaginous  portion. 

2.  of  the  Lobule  (length  or  width). 
VI.     Abnormally  small  ears  (microtia). 

VII.     Abnormal  form  but  normal  size. 

1.  Flattening  of  the  periphery. 

2.  Cleft  lobule. 

VIII.  Abnormal  protrusion  of  auricle  (Otopostasis). 

IX.  Drooping  ears  (Roll  or  Dog  Ears). 

X.  False  position  of  the  auricle  (Heterotopy). 

XI.  Adhesions  of  the  ear  (Synechia). 

*From  the  clinic  of  Drs.  Beck  and  Pollock,  North  Chicago  Hospital. 
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B.     Acquired 

I.     Complete  or  partial  absence  due  to : 

1.  Traumatic  or  mechanical  destruction. 

2.  Thermal. 

3.  Chemical. 

4.  Disease — 

(a)  Infectious. 

(b)  Malignancy. 

(c)  Symptomatic. 
II.     Enlargements  of  Ear  : 

1.  Hematomata. 

2.  Inflammations. 

3.  Neoplasms. 

III.  Abnormal  Protrusions. 

IV.  Abnormal  form  but  normal  size  due  to : 

1.     Shriveling  following  perichondritis,  infected 
hematoma  or  abscess. 
V.     Adhesions  of  the  Ear  after  abscess,  etc.    Cicatri- 
zation from  burns.     Postoperative  adhesions. 
VI.     Postauricular  deficiencies — Retroauricular  fistulae 
following  radical  mastoid  operations. 

Conclusions. 

(1)  That  the  subject  is  very  little  treated  in  most  of 
the  text  books,  especially  those  written  by  otologists.  The 
number  of  periodicals  that  appear  from  time  to  time  are 
also  of  comparatively  little  value  to  any  one  that  is  devoting 
a  great  deal  of  time  to  plastic  surgery. 

(2)  It  requires  a  great  many  steps  before  one  obtains 
the  best  result. 

(3)  At  its  best  a  reconstructed  ear  is  a  very  poor  imita- 
tion of  the  normal  ear. 

(4)  One  of  the  most  important  conclusions  the  write 
has  come  to  is  that  in  congenital  cases,  there  are  other 
congenital    defects    usually    present    especially    about    the 
cardiovascular   and   renal   system   and   therefore    repeated 
operations  are  not  well  withstood. 
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(5)  Congenial  ear  reconstructions  performed  early  in 
life  do  not  keep  pace  in  the  growth  with  its  opposite  fellow 
and  many  times  the  same  side  of  the  face  is  retarded  in  the 
growth  (hemifacialatrophy). 

(6)  In  traumatic  cases  it  is  much  easier  to  obtain  better 
results  and  the  late  war  has  aided  a  great  deal  along  these 
lines. 

(7)  Artificial  prothesis  is  far  superior  to  any  ear  recon- 
structed by  surgery  so  far  as  appearance  is  concerned  but 
the  patient  as  a  rule  refuses  to  wear  it  even  though  it  may 
be  held  perfectly  in  place.  This  is  in  accord  with  nasal 
prothesis  in  deficiency  of  the  nose. 


PRESENTATION  OF  A  NEW  INSTRUMENT  FOR 
DETERMINING  THE  AMOUNT  AND  CHARACTER 
OF  AUDITORY  SENSATION. 

By  EDMUXD  PRIXCE  FOWLER,  M.   D.,  New  York  City,  and  (by  invita- 
tion),  MR.   R.  L.  WEGEL,  Research  Laboratory  of  the  American 
Telephone  &  Telegraph  Co.,  and  the  Western  Electric  Co. 

This  work  in  collaboration  with  the  physicists  of  the 
Western  Electric  Co.  in  the  research  laboratory  was  done 
with  the  idea  of  building  a  machine,  not  only  of  practical 
use  to  the  otologist,  but  for  investigating  scientifically  the 
acoustics  of  the  human  ear.  The  machine  produces  a  pure 
tone  range  throughout  a  frequency  scale  from  64  to  16,000 
cycles.  The  intensity  scale  ranges  from  below  audibility 
up  to  where  the  sound  is  painful. 

Mr.  Wegel  will  describe  the  machine  and  briefly  explain 
the  foundation  upon  which  we  have  built  our  charting. 

"The  audiometer  which  we  have  used  in  our  tests  consists, 
like  most  other  modern  audiometers,  of  a  source  of  alter- 
nating current  of  variable  frequency,  an  attenuator  and  a 
telephone  receiver.  The  diagram  marked  Fig  1  is  a 
circuit  diagram.  The  electric  source  consists  of  a  vacuum 
tube  oscillator  constructed  with  particular  care  to  produce 
as  pure  a  frequency  as  can  be  had  with  such  apparatus. 
From  the  standpoint  of  purity  of  tone  it  is  perhaps  most 
important  that  oscillating  coils  and  condensers  of  extremely 
high  time  constants  be  used.  This  precludes  the  advisabi- 
lity of  attempting  to  use  coils  or  condensers  which  can  be 
varied  gradually,  since  this  always  introduces  impurities. 
The  circuit  is  arranged  so  that  the  filaments  of  the  tubes 
can  be  lighted  by  either  alternating  or  direct  current.  A 
signal  lamp  is  attached  in  such  a  way  that  the  patient  may 
signal  the  operator  when  he  hears  a  tone  under  the  control 
of  the  operator  by  means  of  the  tone  interrupter.  This 
method  of  obtaining  points  was  found  to  be  most  satis- 
factory because  it  requires  a  minimum  of  effort  on  the  part 
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of  the  person  being  tested.  The  attenuator  consists  of  a 
series  of  resistances  arranged  in  the  form  of  a  special 
potentiometer  in  such  a  way  that  the  current  in  the 
receivers  may  be  varied  in  the  ratio  of  about  one  to  ten 
million.  The  resistances  marked  "receiver  shunt"  are 
provided  so  that  tones  may  be  produced  which  are  louder 
than  those  obtainable  on  the  attenuator. 

In  presenting  the  audiometer  it  is  hardly  reasonable  to 
omit  a  discussion   of  the   philosophy   of  audiometry   upon 
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which  the  design  and  construction  methods  are  based. 
Considerable  uncertainty  is  involved  in  the  interpretation 
of  functional  tests  of  hearing.  It  is,  therefore,  advisable 
to  look  into  the  share  of  responsibility  for  this  uncertainty 
chargeable  to  the  methods  and  technique  of  measurement 
and  to  the  kind  of  logic  used  in  the  interpretation  of  such 
tests.  In  order  to  make  clear  our  conception  of  the  problem 
it  will  be  best  to  discuss  briefly  a  few  diagrams. 

The    diagram    labeled    Fig.   2    may   be    considered   as    a 
plot  of  intensity  of  stimulus  at  various  frequencies.     The 
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scale  of  frequencies  corresponds  to  a  uniform  logarithmic 
scale  exactly  the  same  as  with  a  piano  keyboard.  The 
stimulus  is  labeled  R.  M.  S.  pressure  change  in  dynes  per 
square  centimeter.  This  means  the  effective  pulsating 
pressure  impressed  on  the  ear-drum  by  the  sound  wave  at 
the  various  frequencies.  The  curve  marked  "normal  mini- 
mum audibility"  indicates  at  the  various  frequencies  the 
pulsating  pressure  in  the  sound  wave  required  to  produce 
the  minimum  audible  sensation  for  the  average  of  a  large 


number  of  ears.  Part  of  this  curve  drawn  with  a  heavy 
line  represents  data  given  in  a  paper  before  the  last  Chicago 
meeting  of  the  National  Academy  of  Sciences.  The  upper 
frequency  part  of  this  minimum  audibility  curve  is  drawn 
so  as  to  be  in  agreement  with  data  taken  by  Mr.  C.  E.  Lane 
at  the  Universit}'  of  Iowa.  This  curve  shows  that  the  ear 
is  most  sensitive  to  the  pulsating  pressures  of  sound  in  the 
region  of  perhaps  one  thousand  to  five  or  six  thousand 
cyles,  or  double  vibrations  per  second.  The  dotted  lines 
running  more  or  less  parallel  to  this  minimum  audibility 
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curve  represent  the  so  called  "standard"  deviations  from 
the  mean.  The  determination  of  the  normal  curve  referred 
to  and  variations  of  normal  ears  will  be  taken  up  in  as 
much  detail  as  the  data  here  represented  warrant  in  a 
paper  to  be  presented  before  the  Triological  Society  this 
week. 

If  the  sound  pressure  on  the  ear-drum  is  increased 
gradually  a  point  may  be  reached  at  which  a  sensation  of 
feeling  very  much  like  a  prickling  sensation  will  be 
produced.  Sounds  slightly  louder  than  this  are  very  painful. 
The  curve  marked  "maximum"  audibility  in  Figure  2  repre- 
sents the  pulsating  pressure  required  to  produce  a  sensation 
of  feeling.  It  may  perhaps  be  more  logically  called  the 
"threshold  of  feeling  curve."  While  it  does  not  represent 
maximum  audibility  in  the  sense  that  it  is  the  loudest 
sound  that  can  be  heard,  it  may  be  defined  arbitrarily  as 
maximum  audibility  because  it  represents  a  sound  intensity 
which  cannot  practically  be  exceeded  without  producmg 
a  sensation  of  pain.  It  is  impossible  to  say  whether  it 
corresponds  to  a  stimulation  of  some  of  the  nerves  of  the 
middle  ear  or  to  an  over  stimulation  of  the  auditory  nerve. 
The  dotted  lines  running  parallel  to  this  curve  show  the 
"standard"  deviation  from  the  mean.  Since  these  lines  are 
closer  to  the  "maximum"  audibility  than  the  deviation  lines 
are  from  the  "minimum"  audibility  it  may  be  seen  that  the 
former  is  more  definite  than  the  latter. 

There  is  considerable  confusion  concerning  the  lower 
and  upper  pitch  limits  of  audibility.  In  regard  to  the  lower 
point,  for  example,  it  is  doubtful  sometimes  whether  the 
vibrations  are  heard  or  felt.  It  may  be  seen  that  this 
diagram  affords  a  definite  though  arbitary  method  of  deter- 
mining the  average  lower  frequency  limit.  The  minimum 
and  maximum  audibility  curves  are  extrapolated  to  points 
of  intersection.  This  point  represents  a  frequency  at  which 
a  sound  wave  can,  on  the  average,  be  felt  as  easily  as  it 
can  be  heard.  The  sensation  of  feeling  at  the  lower 
frequencies  is  milder  and  much  less  definite  than  it  is  at 
the  higher  frequencies.     A  similar  point  of  intersection  is 
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shown  at  the  upper  frequency  ends  of  these  curves. 
Looking  at  the  figure  as  a  whole,  then,  we  may  regard 
the  ear  as  having  a  sensation  of  feeling  which  is  more 
acute  than  that  of  hearing  at  all  frequencies  below  the  Idw 
point  of  intersection  and  at  all  frequencies  above  the  high 
point  of  intersection,  and  that  the  sense  of  hearing  is  more 
acute  between  these  points  of  intersection.  The  actual 
frequencies  of  these  points  have  not  been  determined  with 
enough  certainty  to  definitely  give  the  limits  so  defined. 

The  representative  minimum  audibility  curve  marked 
"C.  H.  K.  Left"  is  given  to  illustrate  the  relation  of  a 
moderate  deafness  relative  to  the  other  curves  in  this 
diagram.  The  case  was  diagnosed  as  a  fairly  well  advanced 
catarrhal  deafness.  The  man  was  capable  of  carrying  on 
a  conversation  without  artificial  aid  if  the  speaker  wa^ 
comparatively  close  to  him  and  talked  either  in  a  normal 
tone  of  voice  or  slightly  raised  voice. 

The  shaded  portions  of  Figure  2  show  the  stimuli  corre- 
sponding to  the  frequency  mixtures  as  ordinarily  used  in  a 
conversation,  since  speech  may  be  regarded  as  consisting  of 
a  complex  mixture  of  frequencies  stimulating  the  ear 
simultaneously  and  varying  in  intensity.  The  difficulty 
encountered  by  C.  H.  K.  in  interpreting  speech  is  made 
clear  by  the  fact  that  an  appreciable  portion  of  the  stimulus 
ordinarily  used  in  conversation  is  inaudible  to  him. 

According  to  the  best  information  the  nearest  approxi- 
mation to  the  relation  between  siimvdus  and  sensation  is 
logarithmic  (Weber's  Law  and  Fechner's  Law).  The  scale 
of  stimulus,  that  is  pressure,  in  Figure  2  is  plotted  logarith- 
mically so  that  equal  divisions  on  the  chart  correspond  to 
equal  changes  in  sensation.  The  area  included  between 
the  normal  minimum  and  maximum  audibility  lines  may 
be  regarded  as  the  normal  area  of  sensation.  Since  no 
stimulus  falling  below  the  minimum  audibility  current  for 
"C.  H.  K.  Left"  produces  a  sensation,  his  area  is  considerably 
smaller  than  normal  if  we  may  assume  that  his  threshold 
of  feeling  is  nearly  normal.  Since  his  curve  passes  nearly 
through  the  middle  of  the  normal  area  the  statement  may 
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logically  be  made  that  he  has  lost  one-half  of  his  auditory 
sense.  This  forms  one  logical  basis  for  defining  "percent 
loss  of  hearing."  The  ordinary  method  of  defining  this 
by  means  of  the  ratios  of  distances  at  which  a  watch  tick 
or  whisper  can  be  heard  is  in  no  sense  logical  and  can  only 
be  justified  by  the  fact  that  up  to  the  present  time  there 
has  been  no  other  method.  If  the  distance  between  the 
minimum  audibility  and  maximum  audibility  curves  at  any 
frequency  be  taken  as  a  measure  of  the  capacity  of  the 
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normal  ear  to  sense  sound  and  the  distance  between  the 
abnormal  minimum  audibility  curve  "C.  H.  K.  Left"  and 
the  maximum  audibility  curve  be  taken  as  the  capacity  of 
C.  H.  K.  to  sense  sound,  then  the  ratio  of  the  two  may  be 
defined  as  the  "percent  of  normal  hearing"  retained  by 
C.  H.  K.     This  is  plotted  in  the  diagram  of  Fig.  3. 

This  method  of  plotting  audiograms  and  the  foregoing 
discussion  show  the  logic  by  means  of  which  the  conclusion 
has  been  arrived  at  that  "percent  of  normal  hearing"  is  one, 
at  least,  of  the  most  logical  scales  for  audiograms. 
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Among  the  other  many  characteristics  of  normal  audition 
which  are  impaired  by  disease  or  injury  is  the  quality  of 
sensation.  Some  people  are  able  to  hear  sound  quite  well 
but  still  are  unable  to  distingtlish  what  is  said.  It  is 
entirely  possible  that  measurements  of  the  quality  of 
hearing  will  be  of  as  great  significance  as  measurements  of 
the  quantity.  The  normal  ear  hears  tones  from  a  properly 
constructed  audiometer  which  may  be  described  as  pure, 
simple,  clear,  even,  musical,  etc.     Some  abnormal  ears  do 
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not  have  this  normal  sensation  but  describe  pure  tones  as 
producing  vibrations,  rattles,  hums,  roars,  etc.  These 
symptoms  appear  to  be  associated  with  so  called  catarrhal 
conditions  which  are  active  at  the  time  of  testing.  The 
areas  in  Fig.  4  show  the  parts  of  the  range  for  which  the 
sensation  of  C.  H.  K.  was  abnormal." 


Discussion. 

Dr.  C.  E.  Seashore,  National  Research  Council,  Washing- 
ton, D.  C,  (by  invitation)  :     Otologists  are  to  be  congratu- 
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lated  on  the  taking  up  of  an  entirely  new  point  of  approach 
to  their  science  by  the  introduction  of  measuring  instru- 
ments of  precision.  Not  only  can  those  problems  be 
solved  which  we  now  have  in  sight,  but  unforeseen  and 
unexpected  ones  are  likely  to  come  in  the  employment  of 
instruments  of  precision.  Having  employed  such  instru- 
ments in  the  acoustic  laboratory  for  many  years,  I  am 
confident  in  predicting  splendid  returns  to  otology  from 
this  new  approach  not  only  from  the  scientific  point  of 
view,  but  also  in  diagnosis  and  treatment.  I  think  it  is 
a  hopeful  sign  that  the  practitioners  are  getting  together 
on  these  questions  and  joining  hands  with  men  of  science. 

In  the  practical  work,  we  need  the  point  of  view  which 
can  be  obtained  only  in  more  or  less  exact,  pure  science. 
For  example,  in  evaluating  the  voice  test  for  diagnostic 
purposes,  the  problem  must  be  approached  from  the  point 
of  view  of  physics,  psychology,  and  otology.  Indeed, 
otologists  of  the  future  will  need  a  more  particular  training 
in  the  psycho-physics  of  otology  than  heretofore.  We 
cannot  expect  to  study  the  functions  of  the  ear  until  we 
can  record  with  precision  the  amplitude,  frequency,  dura- 
tion, and  form  of  the  sound  waves ;  and  we  cannot  make 
these  measurements  on  human  beings  without  having 
training  in  the  recognition  of  the  very  numerous  subjective 
and  objective  factors  which  determine  hearing. 

Let  me  mention  a  few  of  these :  Attention  moves  by 
peaks ;  therefore  the  matter  of  preparation  is  important. 
If  you  give  a  sound  outside  of  the  peak  of  attention,  the 
person  tested  is  at  a  decided  disadvantage.  We  must, 
therefore,  control  expectant  attention.  Another  phase  of 
this  subject  is  that  of  hallucination.  It  is  commonplace 
to  demonstrate  in  psychological  laboratories  that  people 
may  be  led  to  firmly  believe  and  assert  that  they  actually 
hear  what  they  merely  expect  to  hear  under  certain 
conditions.  We  have  demonstrated  this  on  men  most 
distinguished  for  their  powers  of  reliable  observation. 
Fatigue  is  another  factor.  Efficiency  of  listening  goes  by 
waves — long  waves  and  short  waves  within  these — just  as 
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in  color  vision  there  is  a  constant  fluctuation  in  the  color 
sensitivity  of  a  given  portion  of  the  retina.  Wave  phase 
presents  one  of  the  most  fascinating  factors  that  we  must 
control  because,  by  determining  the  phase  of  the  sound 
wave  which  shall  strike  the  ear,  we  can  make  the  sound 
appear  to  move  in  any  direction  in  a  predictable  way  and 
can  split  it  up  into  its  components,  making  each  harmonic 
move  in  its  own  path — all  illusory  and  yet  in  accordance 
with  rigid  law. 

Mr.  Wegel's  chart  is  a  beautiful  piece  of  work ;  but  such 
procedure  is  very  treacherous.  There  is  a  fascination  to 
a  straight  line  and  a  satisfaction  in  a  simple  conception. 
But.  if  the  simplicity  of  the  conception  covers  up  a  number 
of  uncontrolled  factors,  it  is  dangerous.  In  our  own  work, 
we  have  preferred  to  plot  raw  curves  as  norms  without 
attempting  to  introduce  the  corrections  as  Wegel  has  done. 

I  would  like  to  ask  whether  it  would  not  have  been  better 
for  Mr.  Wegel  to  find  out  how  loud  a  tone  must  be  before 
it  ceases  to  increase  in  loudness  instead  of  setting  the 
limit  which  he  does.  The  upper  limit  must  be  where  we 
cannot  psycho-physically  make  the  sound  any  stronger. 

One  word  in  regard  to  gaps  :  If  the  gap  is  narrow,  it 
tends  to  fill  up.  When  the  sound  is  loud,  the  neighboring 
elements  in  the  ear  will  be  affected.  It  is  therefore  probable 
that  physical  gaps  are  much  more  numerous  than  our 
measurements  would  indicate 

There  are  now  two  types  of  instruments  in  the  field. 
One  of  them  was  originated  in  the  University  of  Iowa  and 
we  have  spent  much  money  and  energy  on  the  problem. 
The  other  method  is  that  illustrated  by  Dr.  Wegel's  meas- 
urements. We  are  using  that  in  Iowa  for  the  determination 
of  the  upper  limit  of  hearing.  There  is,  however,  a  funda- 
mental difference  in  the  measuring  technique  in  the  use  of 
the  two  instruments.  In  our  pitch  range  audiometer,  we 
can  sweep  from  the  lowest  to  the  highest  audible  tone  by 
a  gradual  turning  of  a  lever  in  a  single  sweep.  Repeating 
this  for  the  several  intensity  steps  helps  to  shorten  the 
test,  saving  the  time  of  the  otologist,  avoiding  fatigue  of 
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the  patient,  and  making  a  more  complete  survey  than  is 
possible  by  the  other  type  of  instrument  in  which  measure- 
ments are  made  only  at  selected  pitches. 

I  hope  that  the  time  may  soon  be  at  hand  when  we  may 
have  an  instrument  so  simple  that  it  can  be  put  into  every 
school  to  test  the  ears  as  eye  tests  are  now  made.  In  this 
way,  incipient  cases  of  disturbance  could  be  detected  at  a 
time  when  they  are  amenable  to  treatment.  The  signifi- 
cance of  measurements  of  this  kind  for  civil  service,  army 
and  navy,  and  various  industrial  purposes  is  apparent. 

Dr.  E.  P.  Fowler :  As  always  the  authors  of  the  two 
papers  to  which  we  have  just  listened,  have  set  before 
us  information  of  absorbing  interest.  It  is  a  great  privilege 
to  have  the  opportunity  to  discuss,  though  briefly,  some 
aspects  of  the  subject  which,  in  view  of  late  developments 
in  the  physics  of  sound,  are  destined  to  be  of  prime 
importance  to  the  otologist. 

In  regard  to  Dr.  Wilson's  paper :  I  heartily  coincide 
with  all  the  views  as  summarized. 

Using  the  instrument  just  presented  before  this  society 
by  Mr.  Wegel  and  myself,  I  have  obtained  results  dififering 
somewhat  fjom  those  reported  l)y  Dr.  Wilson.  (1)  Whereas 
some  unusual  ears  show  well-defined  peaks,  such  have  not 
been  chiefly  near  1000  cycles,  but  distributed  fairly  evenly 
throughout  the  scale  of  frequencies.  Moreover  when  more 
than  one  point  of  maximal  sensitivity  is  prominent  such 
may  or  may  not  be  markedly  beneath  the  greatest  peak, 
about  an  equal  number  of  times.  (2)  In  order  to  learn  why 
certain  ears  vary  in  their  points  of  maximal  acuity,  it  will 
be  necessary  to  carefully  correlate  the  audiometer  findings 
with  careful  observations  as  to  the  anatomical  and  physcial 
conditions  in  each  ear  tested.  It  is  probable  that  many 
variations  can  be  proved  to  be  due  to  dififerences  in  the 
vibrating  characteristics  of  the  transmitting  mechanism 
of  fhe  ear — especially  as  regards :  (a)  area,  thickness, 
tension,  mobility,  retraction  and  shape  of  the  tympanic 
membrane :   (b)   size,  weight,  structure,  position  and  sus- 
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pension  of  the  ossicles :  (c)  condition  of  the  ossicular 
articulations :  (d)  vascular  changes  in  the  middle  ear  (and 
cochlea)  :  (e)  size  and  resonance  of  the  ear  spaces  and 
structures. 

The  method  of  plotting  the  audiograms  is  of  paramount 
importance  in  this  connection,  as  will  be  shown  in  a  paper 
to  be  read  before  the  Trilogical  Society  on  May  4th. 

Tinnitus  in  obstructive  and  nerve  deafness  is  a  fasci- 
nating field  for  study,  and  we  too  are  beginning  to  glimpse 
certain  very  suggestive  relationships  by  the  use  of  accurate 
audiometric  measurements.  I  believe  with  Dr.  Wilson 
that  a  close  co-operation  between  physicists  and  otologists 
will  surely  produce  real  results  in  the  discovery  of,  and 
therefore  the  alleviation  of  many  defects  of  hearing. 

In  regard  to  the  paper  of  Dr.  Dean :  It  is  impossible  to 
estimate  the  minimum  aud|l)ility  from  the  audiograms 
shown  by  Dr.  Dean,  as  the  curves  are  not  based  on  a 
definite  unit  of  intensity.  Each  point  plotted  is  relative 
to  nothing  in  particular. 

His  method  of  plotting  audiograriis  uses  no  definite 
frequency  or  intensity  scale,  and  it  would  appear  therefore 
that  no  usable  correlation  could  be  expected  between  the 
audiometric  and  otologic  findings. 

The  occurrence  of  "absolute  tone  gaps"  in  his  graphs 
indicates  that  these  may  be  due  to  instrument  peculiarities, 
or  at  least  partly  due  to  these,  because  with  the  audiometer 
described  this  afternoon  I  have  found  no  absolute  tone  gaps 
in  the  several  hundred  cases  examined.  In  fact,  one  of  the 
outstanding  characteristics  of  our  curves  is  the  lack  of 
so-called  extensive  gaps,  unless  we  include  in  this  nomen- 
clature, the  depressions  of  the  highest  tones  in  certain 
lesions.  The  usual  ear  tests  are  unsatisfactory  because 
one  cannot  with  any  approach  to  accuracy,  know  the 
amount  of  sound  intensity  reaching  the  ear.  Take  for 
example  the  Galton  whistle. 

In  the  first  place  many  Galtons  cannot  be  made  to  emit 
over  14,000  double  vibrations  and  even  with  the  more 
perfect  whistles  the  higher  frequencies  are  possible  only  if 
we  employ  from  20  to  30  pounds  air  pressure. 
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Slight  movements  near  the  ear  may  accentuate  or  annul 
its  audibility  owing  to  wave  interferences  in  and  about  the 
ear.  One,  and  sometimes,  two  other  tones  accompany  the 
true  tone  of  the  instrument,  and  the  patient  may  be  power- 
less to  differentiate  between  them.  Nevertheless,  if  he 
does  not  hear  the  whistle,  he  is  supposed  to  have  nerve 
deafness.  If  you  will  close  your  ears  very  tightly  it  can 
be  demonstrated  in  a  moment  that  mere  obstruction  of  the 
external  auditory  meatus  can  cut  off  the  sound  from  a 
Galton  whistle,  especially  if  it  is  blown  a  little  distance 
from  the  ears.  Well,  have  you  nerve  deafness?  No!  for 
the  moment  you  have  obstructive  deafness,  and  so  may 
some  others  who  do  not  hear  it.  The  trouble  is  we  have 
been  obsessed  with  the  idea  that  a  lessening  of  acuity  of 
hearing  for  the  higher  notes  means  nerve  deafness.  I  do 
not  believe  this  is  necessarily  true,  and  the  graphs  I  have 
made  substantiate  this  belief.  However,  for  the  present 
it  is  well  to  preserve  an  open  mind  as  to  the  meaning  of 
an  audiogram.  As  for  bone  conduction,  the  only  way  to 
determine  the  truth  as  to  its  meaning,  is  to  carefully 
correlate  the  bone  conduction  findings  with  data  on  histol- 
ogy, anatomy,  otoscopy,  tests,  progress,  pathology,  etc. 
It  is  probable  it  will  be  of  great  assistence  in  diagnosis, 
but  it  too  must  be  employed  with  definite  units  of  intensity 
and  frequency.    This  has  not  at  present  been  done. 

Dr.  Edward  B.  Dench,  New  York :  We  flatter  ourselves 
that  we  know  something  of  the  physics  of  sound,  but  after 
Dr.  Seashore  sat  down  I  realized  we  know  nothing.  There 
are  a  vast  number  of  errors  that  can  enter  in  and  it  should 
be  impressed  upon  our  minds  the  great  care  necessary  in 
our  methods.  We  are  repaid  for  coming  to  listen  to  Dr. 
Seashore's  remarks.  One  point  to  be  demonstrated  is  the 
fact  of  anticipation  on  the  part  of  the  patient.  In  the 
clinic  the  patient  hears  the  big  fork  vibrate,  because  he 
sees  it  vibrate,  and  hears  the  whistle  because  he  sees  it. 
Anticipation  plays  a  part  in  the  sound  heard.  The  patient 
should    shut    his    eves    and   then    one    should    ask    him    to 
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describe  the  sound  he  hears.  Sometimes  the  patient  hears 
the  same  thing  if  you  strike  the  instrument  and  if  you 
stop  it.  If  the  patient  cannot  describe  what  he  hears,  he 
does  not  hear.  One  must  also  be  careful  that  the  sense 
of  feeling  is  not-  mistaken  for  hearing.  I  would  like  to 
ask  Dr.  Dean  why  the  upper  limit  is  more  accurate  by  bone 
conduction  than  by  air.  The  ear  is  supposed  to  receive  the 
sound  better  by  air  than  by  bone,  unless  there  is  distur- 
bance of  the  sound  transmission. 

Dr.  Emil  Amberg,  Detroit :  A  unit  for  a  certain  kind  of 
sound  has  been  mentioned  by  Wundt.  A  cork  ball,  weighing 
1  milligram,  falling  from  a  height  of  1  millimeter  on  a 
glass  plate  is  heard  in  a  distance  of  91  millimeters.  In 
January,  1901,  I  published  in  the  Journal  of  the  American 
Medical  Association  a  "Normal  Acoumeter"  (demonstra- 
tion of  the  apparatus).  It  is  an  instrument  of  precision. 
A  steel  ball  weighing  1  gram  falls  from  a  certain  distance 
and  then  produces  a  sound.  The  Hoover  Steel  Ball  Corpora- 
tion of  Ann  Arbor,  kindly  furnished  me  with  steel  balls 
weighing  1.0018  grams.  This  morning  the  Committee  on 
Standardization  of  Hearing  Tests  reported.  It  would  be 
regrettable  if  matters  become  more  complicated.  There 
is  one  point  which  may  be  interesting  from  a  speculative 
standpoint.  The  question  has  been  asked  as  to  what  degree 
the  increase  in  intensity  of  noises  could  be  perceived. 
Wundt  mentions  that  the  degree  of  difference  in  perception 
for  lig'ht  is  1/100;  for  muscle  sensation  1/17;  and  for 
pressure  and  hearing  1/3.  Does  not  the  fact  that  the  number 
for  pressure  and  hearing  is  the  same  possibly  suggests  that, 
in  the  last  analysis,  touch  and  hearing  are  closely  related? 
To  speculate  further,  for  a  moment,  is  it  not  possible  that 
the  mooted  question  of  the  specific  function  of  the  basilar 
membrane  and  the  assumption  that  the  ciliated  cells  may 
be  most  instrumental  in  tone  perception,  may  be  approached 
in  this  manner?  The  comparative  study  of  the  development 
of  the  organ  of  hearing  from  the  lowest  animals  upward, 
may  be  of  great  help.    The  consideration  of  fatigue  is  very 
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important.  Politzer  mentions  the  changes  during  the  day. 
Another  point  is  that  older  people  do  not  hear  high  tones 
as  well  as  young  people.  The  co-operation  of  the  psycho- 
logist, phsiologist  and  other  scientists  with  otologists  will 
no  doubt  bear  good  fruit. 

Dr.  Isaac  H.  Jones,  Los  Angeles,  California :  One  appeal 
that  is  made  by  this  demonstration  is  that  such  instruments 
of  precision,  making  possible  the  charting  of  auditory 
tests,  may  lead  us  to  detect  auditory  impairment  of  central 
origin.  It  is  surprising  to  consider  how  little  we  know 
about  the  intracranial  pathways  of  the  auditory  apparatus. 
Neurologists,  otologists  and  other  investigators  are  con- 
tinually seeing  all  types  of  lesions  of  brain-stem  and  cere- 
brum ;  yet  lesions  which  one  would  expect  to  produce  an 
impairment  of  hearing,  seem  to  produce  little  if  any 
impairment.  Auditory  tests  are  so  seldom  of  any  value  in 
intracranial  localization.  At  present  we  seem  to  be  dealing 
almost  exclusively  in  terms  of  the  end-organ. 

Dr.  B.  Alex.  Randall,  Philadelephia :  In  regard  to  several 
points  which  have  been  brought  up  at  this  time,  I  will  call 
attention  to  the  investigation  of  Dr.  Blake  of  Boston,  who 
showed  that  the  high  limit  is  very  often  a  question  of  the 
thickness  of  the  tympanic  membrane ;  with  an  opening 
experimentally  made  through  the  drum  head  we  can  hear 
much  higher  tones.  A  child  can  as  a  rule  hear  higher  tones 
than  older  people. 

Fatigue  is  a  very  important  factor,  not  only  in  relation  to 
industrial  fatigue  but  also  in  clinical  cases  where  tests 
would  induce  us  to  put  patients  upon  specific  medication 
because  of  loss  of  the  high  tones.  There  is  an  element  of 
lessening  and  supplying  the  gaps  by  mental  processes, 
which  is  lacking  at  times  of  special  fatigue  and  may  need  to 
be  discounted  in  our  comparisons. 

Dr.  Max  Goldstein,  St.  Louis :  I  plead  guilty  to  being 
a  mere  otologist.     The  more  I  see  of  the  audiometer,  the 
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more  respect  I  have  for  the  tuning  fork  and  Galton  whistle. 
The  audiometer  is  an  electric  and  largely  foreign  way  to 
approach  the  acoustic  mechanism,  which  in  the  human  is 
adapted  to  the  voice  and  its  composite  tones.  The  audio- 
meter curve  looks  like  a  temperature  curve.  The  results 
cannot  be  obtained  without  the  use  of  other  accessory 
functional  tests. 

Dr.  Dean  in  his  splendid  deductions  has  demonstrated 
that  for  differentiation  he  uses  bone  conduction  and  the 
tuning  fork,  and  checks  up  his  audiometer  findings  by  the 
monochord  and  Galton  whistle. 

Mr.  Wegel  makes  the  obscure  differentiation  between 
hearing  and  the  sense  of  touch.  After  all,  hearing  and 
sight  are  merely  modifications  of  the  sense  of  touch.  Is  it 
not  possible  in  his  normal  scale  that  he  is  mixing  up  audition 
and  iactile  impression?  Is  that  scientifically  accurate  for 
the  otologist? 

While  Dr.  Dench  and  his  committee  are  working  on  the 
standardization  of  tuning  forks,  we  have  submitted  three 
types  of  electric  audiometers,  three  varieties  of  scales  and 
curves  and  no  approach  toward  standardization. 

Dr.  George  B.  McAuliffe,  New  York :  Hearing  should 
not  be  tested  by  contact.  There  should  be  an  air  gap 
through  which  the  sound  should  be  carried  to  test  totality 
of  hearing  conduction  and  perception  of  sound.  A  person 
with  catarrhal  deafness  can  sometimes  hear  .the  telephone 
very  well  and  yet  he  may  be  more  deaf  than  one  with 
slight  nerve  impairment. 

Mr.  R.  L.  Wegel  (by  invitation)  :  I  might  say  in  passing 
that  the  feeling  sensation  corresponds  to  the  pressure  of 
the  sound  wave  shown  in  the  figure.  As  to  mixing  it 
with  the  sense  of  audition,  it  has  no  relation  except  that  it 
serves  as  a  convenient  point  to  tie  to — it  shows  the  upper 
intensity  limit.  Professor  Seashore  said  that  he  thought 
a  more  logical  place  to  stop  was  one  which  did  not  become 
louder  as  the  stimulus  was  increased.     I  do  not  think  one 
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can  get  people  to  submit  to  that  test.  Recent  experiments 
made  at  the  University  of  Chicago  show  that  Weber's 
law  holds  very  closely  throughout  the  entire  range  of 
intensity.  The  least  perceptible  increase  in  the  pressure 
of  sound  is  5  per  cent  approximately,  regardless  of  what 
the  level  is.  As  far  as  any  physical  data  are  concerned, 
there  is  no  indication  of  such  a  point. 

Regarding  the  question  of  pitch  variation  being  better 
than  the  variation  of  intensity,  we  have  a  slide  which  I 
had  planned  to  discuss  but  did  not  have  time.  The 
apparatus  of  Drs.  Dean  and  Seashore  determines  a  point 
by  varying  simultaneously  both  the  frequency  and  inten- 
sity;  Dr.  Fowler's  maintains  a  definite  frequency  and  varies 
the  intensity.  It  may  be  that  the  variation  of  both 
frequency  and  intensity  is  the  most  accurate  if  done  in 
the  proper  way.  It  seems  to  me  that  the  curves  shguld 
be  considered  as  transitions  from  one  level  of  sensitiveness 
to  another.  The  parts  of  the  curves  which  are  most 
important  are  most  accurately  determined  by  variations 
of  intensity. .  Still,  these  questions  remain  to  be  settled. 
When  you  vary  frequency,  you  must  have  very  carefully 
graded  apparatus. 

In  regard  to  anticipation  of  the  sound :  we  have  made 
measurements  by  having  the  operator  control  the  tone. 
The  patient  has  a  push  button  with  which  he  signals  when 
he  hears  the  tone.  The  operator  tries  to  fool  the  patient. 
You  can  find  a  place  where  he  always  hears  the  sound  and 
a  place  where  he  never  hears  it,  and  there  is  an  inter- 
mediate area  due  to  fatigue  or  lapse  of  attention.  One 
must  not  be  misled  by  confusing  a  change  of  sensation 
with  a  change  of  stimulus.  If  you  take  speech  and  reduce 
it  to  minimal  audibility  a  man  will  not  understand  anything 
you  say.  If  you  increase  the  intensity  100  times  speech 
is  very  intelligible,  but  if  you  increase  to  101  times,  the 
difference  is  hardly  noticeable. 

Dr.  Seashore  says  there  is  danger  in  using  the  straight 
line  to  represent  the  hearing  of  a  normal  ear.  It  is  merely 
a  matter  of  plotting  the  data,  whichever  is  simplest. 


AUDITORY   SENSATION.  121 

Dr.  Dean  shows  audiograms  with  normal  curves  and 
subnormal  curves.  We  think  you  can  exaggerate  the 
lower  part  of  the  scale  and  make  something  small  look 
very  large.  We  think  it  is  necessary  to  adopt  a  uniform 
scale.    It  is  more  a  question  of  sense  than  of  stimulus. 

Dr.  George  E.  Shambaugh,  Chicago :  An  interesting 
sidelight  is  gained  on  the  existence  of  tone  gaps  by  experi- 
mental work.  A  guinea  pig,  for  example,  exposed  to  a 
whistle  of  a  certain  pitch  for  several  hours  a  day  over  a 
period  of  weeks,  when  examined  histologically  will  show 
a  definite  circumscribed  degeneration  of  Corti's  organ. 
The  area  will  vary  with  the  pitch  of  the  whistle  used. 
An  interesting  feature  is  that  the  area  undergoing  dege- 
neration is  always  a  rather  extensive  one,  so  one  must 
presume  that  the  part  of  Corti's  organ  stimulated  by  a 
particular  tone  in  the  scale  is  overlapped  extensively  by 
the  area  stimulated  by  a  different  tone  but  one  near  the 
same  pitch. 

Dr.  Dean  in  his  discussion  used  the  expression  "duration 
of  bone  conduction  so  many  seconds."  This  expression 
does  not  mean  anything  to  me.  One  fork  which  dies  out 
very  slowly  with  this  duration  of  bone  conduction  would 
indicate  very  much  shortened  bone  conduction,  whereas 
another  fork  which  dies  out  rapidly  in  the  same  number  of 
seconds  would  indicate  a  prolonged  bone  conduction.  One 
should  be  very  cautious  about  attempting  to  interpret 
functional  tests  as  though  they  necessarily  had  anything  to 
do  with  the  alterations  which  one  sees  in  the  drum  mem- 
brane. To  show  a  chart  illustrating  the  tone  range  in  a 
case  where  there  is  a  relaxation  or  so-called  stiffening 
of  the  drum  membrane  and  chain  of  ossicles  is  of  course 
misleading.  The  alterations  on  the  drum  membrane  which 
one  sees,  has  so  frequently  nothing  to  do  with  the  defects 
in  the  hearing,  these  being  caused  by  deeper  seated  trouble, 
as  for  example,  alterations  about  the  oval  window  or 
changes  in  the  labyrinth  itself.  It  is  especially  common  for 
one  to  observe  a  strongly  retracted  drum  membrane.     For 
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example,  a  condition  left  over  from  an  exhausted  tubal 
catarrh,  but  where  there  is  no  defect  whatever  in  the 
hearing.  I  rely  rather  upon  the  results  of  functional  tests, 
quite  independent  of  the  findings  on  the  drum  membrane, 
for  making  the  diagnosis  as  to  the  location  of  the  patholo- 
gical changes  which  are  causing  the  defect  in  hearing. 

These  tests  of  the  tone  range  are  particularly  interesting 
because  of  the  sidelight  which  they  are  able  to  throw  on 
questions  in  the  physiology  of  hearing.  In  solving  the 
problems  in  practical  diagnosis,  in  differentiating  the  cases 
where  there  is  the  possibility  of  some  improvement  by 
treatment  from  those  where  treatment  can  be  of  no 
assistance.  I  have  not  found  anything  in  these  tests,  as 
yet,  that  seems  to  be  of  any  assistance.  Probably  some- 
thing may  eventually  be  worked  out,  but  ao  far  they  do  not 
give  any  assistance  in  the  problems  of  the  practicing 
otologist.  As  for  employing  these  tests  in  cases  of  progres- 
sive deafness,  for  example,  in  cases  of  otosclerosis,  to 
determine  from  period  to  period  what  progress  has  been 
going  on,  it  would  seem  to  me  that  as  far  as  any  practical 
usefulness  is  concerned  it  would  be  just  as  logical  to  ask  a 
man  whose  hair  is  turning  gray  to  have  some  colored 
photography  made  of  these  changes,  to  be  checked  up  from 
time  to  time.  The  checking  up  of  the  hearing  that  is  of 
practical  assistance  can  readily  be  made  in  a  few  seconds 
time. 

Dr.  Seashore :  In  regard  to  gaps,  in  the  region  of  80  to 
92  vibrations  in  my  left  ear  I  have  a  gap  for  pitch 
discrimination.  I  can  hear  the  tones  perfectly,  but  I  cannot 
discriminate.  My  threshold  for  discrimination  is  8/10  of 
a  vibration,  but  within  the  region  stated  I  cannot  tell  any 
diflFerence  in  pitch  at  all.  I  have  elaborate  evidence  which 
leads  me  to  think  that  this  is  rather  common.  In  scientific 
otology  it  would  be  interesting  to  distinguish  that  kind 
of  gap  from  the  gap  where  they  cannot  hear  tone  at  all. 

Dr.  J.  G.  Wilson  (closing)  :  There  has  been  fully  tested 
and  answered  the  argument   that   the   telephone   receiver 
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applied  to  the  ear  introduces  the  factor  of  bone  conduction. 
With  the  telephone  receiver  as  used  no  bone  conduction  is 
present.  After  using  the  audion  oscillator  for  over  3  years 
I  am  optimistic  in  regard  to  the  outlook  of  some  such 
method  for  testing  hearing,  for  more  accurate  diagnosis 
and  for  estimating  progress.  I  do  not  think  the  time  has 
come  to  base  general  deductions  on  this  work,  especially 
in  intracranial  cases. 

Dr.  L.  W.  Dean  (closing)  :  The  longer  a  tuning  fork  will 
vibrate  with  a  given  excitation  the  longer  would  be  the 
bone  conduction.  We  use  the  standard  Bezold  fork  in  all 
our  cases  and  consequently  the  results  secured  in  our  cases 
may  be  compared.  Any  other  tuning  fork  unless  it  had  the 
same  length  of  vibration  as  the  one  we  use  would  give 
different  results. 

In  using  the  audiometer  we  do  not  measure  the  exact 
hearing  power  for  any  notes.  We  do,  however,  get  the 
approximate  hearing  power  for  all  the  notes  within  the 
range  of  the  machine.  When  the  curve  shows  a  tone  gap 
it  simply  means  that  with  the  instrument  we  use,  the  tones 
in  the  gap  are  not  heard.  If  a  similar  instrument  producing 
more  intense  notes  was  made,  it  is  possible  that  more  of 
these  tone  gaps  would  disappear  and  would  appear  only 
as  disturbances  in  the  curve  made  with  the  new  machine. 

I  prefer  to  determine  the  upper  limit  by  bone  conduction 
because  impacted  wax  in  the  external  auditory  canal,  borac 
acid  powder  in  the  external  auditory  canal  and  pure  middle 
ear  lesions  may  all  change  the  upper  limit  as  determined 
by  air  conduction.  The  upper  limit  as  determined  by  air 
conduction  is  not  decreased  more  than  6000  either  by 
blocking  the  auditory  canal  or  by  pure  middle  ear  lesions. 
In  the  cases  of  chronic  ottorrhea  tested  we  found  at  least 
in  one  case  that  when  the  upper  limit  as  determined  by 
air  was  decreased  to  6000  d.  v.  by  bone,  it  was  14,000  d.  v. 
This  difference  in  our  judgement  was  due  to  debris  in  the 
canal  and  tympanum. 


THE  ESTIMATION  OF  THE  MINIMUM  AUDIBILITY 
OF    TONES. 

By  J.   GORDON  WILSON,  M.   D.,   Chicago,  111. 

The  observations  made  within  recent  years  by  physicists 
on  the  minimum  audibility  of  tones  have  awakened  an 
increasing  amount  of  interest  among  otologists  who  have 
been  quick  to  recognize  the  important  bearing  such  knowl- 
edge will  have  on  their  specialty.  In  introducing  this 
subject  it  will  be  advantageous  in  a  few  words  to  define  the 
scope  of  the  problem  as  it  presents  itself  in  this  discussion. 

The  Problem 

It  is  scarcely  necessary  to  say  that  this  discussion  is  not 
concerned  with  the  psycho-physical  problem  of  how  distinc- 
tive qualities  of  tones  are  aroused.  As  we  are  dealing  so 
far  as  possible  with  pure  tones,  the  resultant  vibrations 
from  several  tones  such  as  are  transmitted  from  an  orches- 
tra as  one  complex  (seen  for  example  in  phonographic  rec- 
ords) and  their  analyses  in  the  internal  ear,  do  not  concern 
us.  Again,  inasmuch  as  the  human  voice  and  speech  though 
dependent  on  a  pronounced  fundamental  are  efficiently 
modified  by  distinct  overtones  present,  the  minimum 
audibility  of  the  voice  will  not  be  referred  to.  The  topic 
before  us  represents  the  basic  problem  and  it  is  of  far 
reaching  importance  in  otology.  On  it  later  the  other 
problems  may  be  advantageously  based.  We  recognize 
that  the  quantity  of  the  impulse  over  a  nerve  may  be  in- 
creased or  diminished;  we  are  here  dealing  with  the  mini- 
mum quantity  required  to  awaken  recognition  of  a  pure 
tone — that  is  the  threshold  of  hearing.  This  threshold 
may  be  lowered  by  education,  as  is  touch  in  the  blind ;  but 
I  am  not  concerned  with  this  question  but  with  the  average 
minimum  perception  in  the  average  individual. 
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It  has  long  been  recognized  by  physicists  that  the  esti- 
mation of  the  minimum  audibility  of  tones  (the  threshold 
of  hearing)  at  all  pitches  is  of  prime  importance  to  an 
understanding  of  the  physics  of  audition.  Within  rec-ent 
years  the  physicist  has  encountered  man}-  practical  prob- 
lems to  which  he  has  sought  to  apply  such  knowledge.  1  he 
late  war  in  this  realm  as  in  other  realms  of  physics 
stimulated  the  energy  of  the  pure  scientist  to  practical 
problems  in  acoustics.  We  all  recall  the  immense  amount 
of  work  done  to  perfect  apparatus  to  detect  the  presence 
of  and  locate  the  position  of  submarines.  Again,  the  tele- 
phone service,  now  become  one  of  the  necessities  of  modern 
life,  needs  for  the  engineering  of  an  adequate  service  a  knowl- 
edge in  absolute  terms  of  the  sensitiveness  of  the  hearuig 
of  the  average  telephone  user,  and  this  has  required  in  the 
telephone  service  a  study  of  the  threshold  of  tone  per- 
ception. 

Not  only  is  this  estimation  important  for  the  physicist 
but  in  otology  the  testing  of  the  absolute  sensitivity  of  the 
ear  at  various  pitches  is  of  importance:  (1)  To  determine 
the  degree  of  impairment  of  hearing;  (2)  to  localize  the 
pathologic  changes,  in  which  it  has  proved  superior  to  our 
ordinary  methods  of  testing,  and  (3)  to  estimate  the  results 
of  our  treatment. 

The  difficulties  encountered  in  testing  hearing  are  con- 
siderable, much  greater  than  in  testing  sight.  In  testing 
sight  we  can  use  one  standard,  white  light.  In  testing 
hearing  we  have  no  uniform  sound  to  use  as  a  standard. 
While  it  is  true  that  both  light  and  sound  are  vibrations, 
the  eye  is  not  able  and  is  not  called  on  to  resolve  light  into 
its  composite  colors,  and  even  if  it  were  the  range  of  such 
vibrations  is  small  compared  with  the  ear.  In  the  ear  such 
differentiation  of  vibrations  is  an  inherent  part  of  its 
function  as  an  organ  of  sense. 

For  an  accurate  knowledge  of  the  degree  of  hearing  a 
patient  possesses  we  must  have  an  estimate  of  the  range 
of   hearing    (quality  of  hearing)    and  the  quantitative  degree 
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at  each  pitch.  It  is  known  to  all  of  us  that  hearing  for  one 
part  of  the  scale  may  be  seriously  impaired  while  that,  of 
another  part  is  hardly  affected.  Accurate  results  therefore 
can  only  be  obtained  by  estimating  quantitatively  the  hear- 
ing for  simple  tones  at  all  pitches.  When  one  remembers 
that  the  qualitative  range  may  be  estimated  at  from  20 
cycles  to  20,000  cycles,  or  higher,  one  recognizes  the  wide 
area  to  be  covered.  The  difficulty  of  obtaining  a  suital^le 
apparatus  capable  of  examining  the  threshold  of  hearing 
over  so  great  a  range  has  proved  the  great  barrier  to  this 
investigation.  This  barrier  has  now  to  a  large  extent  been 
surmounted  and  we  are  entering  on  a  new  era  of  advance  and 
only  a  rash  man  will  predict  what  the  final  outcome  will  be. 
In  such  an  investigation  there  are  three  main  questions 
or  problems  which  present  themselves  and  which  may  thus 
be  outlined  briefly : 

(1)  What  is  the  minimum  amount  of  energy  required 
to  produce  the  perception  of  pure  tones  at  various  pitches — 
the  physical  problem. 

(2)  What  light  do  such  determinations  throw  on  the 
ear  as  an  organ  of  hearing — the  physiological  problem. 

(3)  Given  a  mean  audi1)le  threshold  what  variations 
take  place  in  defects  of  hearing,  this  involving  the  further 
question  at  which  pitches  such  variations  occur, — otological 
problem. 

In  considering  these  questions  it  is  obvious  that  the  more 
perfect  the  instrument  from  the  standpoint  of  the  physicist 
the  more  accurate  the  knowledge  obtained  in  regard  to  the 
minimum  audibility.  To  obtain  the  threshold  value  in  the 
normal  ear  it  is  obvious  that  a  prerequisite  is  that  the 
instrument  used  be  capal)le  of  reducing  the  pitch  over  the 
scale  beneath  normal  audibility.  There  are  many  factors 
which  will  vitiate  the  findings,  e.  g.,  resonances  in  the  tele- 
phone receiver,  the  presence  of  extraneous  noises  tending  to 
confuse  the  observer,  either  from  friction  in  the  machine 
or   in   the   surrounding   media,   etc.     To   recognize    and   to 
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eliminate  such  factors  has  not  been  without  difficulty. 
While  one  cannot  say  that  all  of  these  have  now  been  got 
rid  of,  yet  I  feel  assured  that  in  the  instrument  I  know  best, 
the  audion  oscillator,  we  have  been  able  to  reduce  to, a 
minimum  such  factors  as  will  greatly  vitiate  the  results. 
Sufficient  work  has  been  done  by  independent  observers 
which  correlated  with  our  own.  enable  one  to  present  re- 
sults with  some  assurance.  With  the  machine  at  our 
disposal  we  have  been  able  to  approximate  so  closely  to  a 
measurement  of  the  threshold  that  one  can  show  curves 
which  in  the  main  outline  the  sensitivity  of  the  ear  at  the 
pitches  tested.  It  appears  unnecessary  to  wait  till  the 
perfect  machine  arrives.  Such  a  machine  may  be  necessary 
for  perfect  physical  measurement.  Even  with  an  instru- 
ment less  perfect  than  ours,  a  mean  can  be  obtained  from 
the  examination  of  several  normal  ears  and  the  variations 
from  the  mean  obtained  by  the  same  instrument  under  the 
same  external  conditions  will  be  approximately  correct  for 
all  ears  so  tested.  Of  course  the  more  accurate  the  instru- 
ment the  more  accurate  the  information  obtained. 

Historical  Part 

In  the  past  the  physicist  has  largely  worked  in  his  spe- 
cial field  undisturbed  by  any  criticism  or  suggestion  the 
otologist  might  offer.  The  otologist  has  not  hesitated  to 
acknowledge  his  great  indebtedness  to  the  physicist.  It 
was  the  great  physicist  and  physiologist,  Helmholtz,  who 
gave  us  the  classical  work  on  hearing.  In  1862,  Helmholtz 
published  his  "Sensations  of  Tone"  and  propounded  his 
resonant  theory  of  hearing — a  theory  modified  by  himself 
in  later  editions  as  new  anatomic  data  were  added,  a  theory 
which  in  spite  of  many  objections  still  influences  the  work 
of  physiologists  and  otologists,  and  in  which  the  central 
idea  of  analysis  of  sound  by  resonance  has  the  support  of 
most  of  them.  From  the  stimulus  of  that  work  most  of 
our  great  aurists  of  the  past  drew  inspiration,  and  on  its 
results  they  explained  many  of  their  clinical  findings. 
Helmholtz  readily  acknowledged  and  readily  used  in  his 
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work  the  findings  of  the  anatomist  and  naturalist.  The 
problems  he  studied  did  not  seem  to  require  co-operation 
with  an  otologist.  It  is  interesting  here  to  note  that  the 
work  now  to  be  described  has  added  one  other  and  new 
objection  to  the  resonant  theory.  This  objection  I  shall 
briefly  state  in  the  words  of  my  collaborator.  "It  was  pos- 
sible in  the  case  of  this  patient  to  apply  in  the  frequency 
region  of  3,300  d.  v.  an  energy  10  billion  times  as  much  as 
corresponds  to  normal  hearing  at  this  frequency  without 
stimulating  in  the  slightest  degree  the  sensation  of  hearing 
in  the  region  below  1,200  d.  v.  where  the  patient's  hearing 
was  practically  normal.  Now^  in  the  Helmholtz  theory, 
pitch  perception  is  due  to  the  coincidence  of  the  impressed 
frequency  with  the  natural  frequency  of  the  fibers  of  vary- 
ing length  and  tension  which  constitute  the  basilar  mem- 
brane. It  is,  however,  extremely  difficult  to  see  how  a 
mechanical  system  such  as  that  represented  by  the  basilar 
membrane  with  its  fibers  and  attached  Corti's  arches  could 
possibly  receive  ten  billion  times  the  normal  energy  at  a 
given  frequency  like  3,300  d.  V.  without  imparting  as  much 
as  one  billionth  of  that  energy  to  the  adjacent  fibers  which 
corresponds  to  vibration  frequencies  below  1,200  d.  v.  If 
these  latter  fibers  had  in  this  case  been  thus  forced  into 
response  with  one  billionth  or  even  one  hundred  billionth 
of  the  incident  energy,  the  patient  would  have  had  the  sen- 
sation of  hearing  in  the  region  below  1,200  d.  v.  If  these 
considerations  are  fatal  to  the  Helmholtz  theory,  there  ap- 
pears to  he  no  alternative  at  present  but  to  make  pitch 
perception  a  property  of  the  nerves  themselves  ,including 
their  endings,  without  attempting  to  find  a  mechanical  ex- 
planation. This  amounts  to  nothing  more  than  the  asser- 
tion of  our  inability  at  present  to  obtain  a  satisfactory 
mechanical  basis  for  pitch  perception."  John  P.  Minton, 
Ph.  D.,  Physical  Review,  Vol.  19,  No.  2,  Feb.  1922,  p.  95. 

Though  Helmholtz  was  not  specially  interested  in  the 
problem  of  the  threshold  of  hearing,  this  phase  of  the  sub- 
ject attracted  the  interest  of  several  of  his  successors.  Very 
important  work  along  this  line  was  done  by  Lord  Rayleigh. 
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To  determine  the  threshold  of  hearing,  for  high  notes  he 
used  a  whistle  mounted  on  a  Wolfe  bottle  attached  to 
which  was  a  siphon  manometer  to  regulate  a  constant  air 
pressure.  Having  ascertained  the  distance  at  which  a  tone 
could  be  heard  under  as  far  as  possible  constant  atmos- 
pheric conditions,  and  having  calculated  the  energy  emitted 
by  the  whistle  from  the  pressure  in  blowing  it,  he  was  able 
to  approximate  to  the  amplitude  required  for  the  hearing 
of  the  tone.  One  serious  objection  was  the  distance  the 
observer  had  to  go  from  the  source  of  the  sound — in  the 
case  quoted  820  meters — ^involving  the  disturbing  influence 
of  atmospheric  factors.  To  estimate  the  minimum  audi- 
bility of  low  notes,  Rayleigh  used  tuning  forks  which 
enabled  him  to  approximate  the  sound  to  the  ear.  From 
the  difference  in  the  decay  constants  of  the  fork  it  was 
possible  to  calculate  approximately  the  energy  emitted. 
Rayleigh  also  used  a  telephone  receiver  as  the  source  of 
sound.  "The  deflection  of  the  diaphragm  for  a  direct  cur- 
rent was  measured  microscopically  and  this  was  considered 
the  same  as  for  alternating  currents  flowing  through  a 
receiver,  currents  having  a  period  far  below  the  natural 
period  of  the  diaphragm.  With  the  volume  of  air  in  the 
meatus  known  it  was  possible  to  calculate  approximately 
the  change  in  pressure  in  the  ear  drum  from  the  current 
flowing  through  the  receiver."  In  reading  over  Lord  Ray- 
leigh's  work  one  readily  appreciates  the  great  advantage 
the  audion  oscillator  offers  for  such  an  investigation  and 
learns  once  more  that  advances  in  science  depend  to  a  large 
extent  on  improvement  of  instruments  of  attack. 

The  German  physicist,  Wien,  investigated  this  problem 
by  a  different  method  and  in  1889  published  his  results.  He 
made  use  of  the  siren  to  estimate  the  minimum  audibility 
of  sound.  The  siren,  one  of  the  oldest  instruments  to  pro- 
duce a  continuous  series  of  sounds  at  different  pitches,  has 
holes  at  equidistance  or  teeth  at  equidistance.  In  the 
former,  air  is  drawn  through  to  produce  sounds  varying  in 
pitch  with  the  rapidity  of  vibration  of  perforated  drums ; 
in  the  latter,  the  electric  siren,  the  make  and  break  of  a 
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current  produces  the  tone  varying  in  pitch  with  the  rapidity 
of  the  make  and  break,  Wien  used  the  electric  siren  con- 
veying the  sound  to  the  ear  by  means  of  a  telephone.  By 
assuming  that  the  amplitude  increases  proportionately  w^ith 
the  current  he  calculated  the  amplitude  of  the  vibration  for 
a  tone  at  the  threshold  of  audibility.  His  apparatus  en- 
abled him  to  observe  results  through  a  range  of  frequency 
from  50  to  15,000  cycles.  As  a  result  he  placed  the  maxi- 
mum sensitivity  of  the  ear  to  sound  at  about  1,200  to  2,000 
d.  v.,  from  which  area  the  sensitivity  dropped  off  rapidly  on 
both  sides.  These  results,  extensively  quoted  by  physiolo- 
gists and  otologists,  especially  in  Germany,  do  not  appear 
to  be  generally  accepted  by  physicists.  Two  objections 
urged  against  the  findings  of  Wien  it  is  well  for  us  now  to 
keep  in  mind:  (1)  that  the  type  of  telephone  receiver  used 
introduces  resonances  affecting  the  findings  of  sensitivity 
in  certain  areas ;  (2)  that  the  siren  is  not  a  suitable  instru- 
ment to  determine  minimum  audibility  since  the  friction 
necessarily  produced  by  its  rotation  introduces  too  many 
accessory  sounds  and  further  in  the  note  of  the  siren  over- 
tones are  prominent. 

From  this  time  on  many  physicists  attacked  the  problem  either 
by  similar  methods,  eliminating  objectional  factors,  or  by  other 
means ;  for  instance,  Kranz  of  the  Sabine  Laboratory  used  a 
thermal  receiver  as  a  source  of  sound.  What  concerns  us 
more  particularly  is  that  only  within  the  last  few  years  do  we 
find  a  systematic  endeavor  to  get  a  closer  co-operation  of 
otologist  and  physicist.  Even  now  many  of  the  results  pub- 
lished by  physicists  are  based  on  the  assumption  that  an  ear 
which  to  the  physicist  appears  to  hear  normally  is  therefore  a 
normal  ear,  a  dictum  with  which  few  of  us  will  agree. 

In  the  past  there  have  been  otologists  with  sufficient  knowl- 
edge of  the  science  of  acoustics  to  appreciate  the  importance  of 
the  problems  involved  and  with  skill  sufficient  to  attempt  to  ex- 
press this  threshold  in  physical  measurements.  For  instance, 
Gradenigo  attached  to  the  upper  end  of  a  fork  a  dark  triangle 
on  a  white  background.  When  the  fork  is  .struck  there  is  a 
double  vision.     One  sees  two  pale  triangles  with  a  black  tri- 
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angle  common  to  both ;  the  greater  the  ampHtude  the  greater  the 
space  separating  the  two  triangles ;  as  the  amplitude  diminishes 
the  two  triangles  merge  more  and  more  into  the  single  black 
triangle.  By  noticing  the  extent  of  the  field  when  the  patient 
ceases  to  hear  (marked  by  a  millimeter  scale),  Gradenigo  esti- 
mated the  ratio  of  hearing.  This  method,  however,  is  only 
applicable  to  low  notes. 

Cooperation  of  Otologist  and  Physicist  Necessary. 

My  object  in  thus  briefly  sketching  the  work  of  the  physicist 
has  this  for  excuse,  that  I  believe  that  at  present  and  for  some 
time  to  come  the  ascertaining  of  the  threshold  of  hearing  must 
be  done  primarily  by  a  i)hysicist  but  will  have  its  best  fruit  when 
done  in  conjunction  with  an  otologist.  Few  otologi.sts  have  the 
necessary  physical  and  mathematical  training  to  understand  the 
physical  problems  involved  and  to  calculate  the  energies  neces- 
sary to  get  correct  results  in  estimating  the  minimum  audibility 
of  pure  tones  either  in  normal  or  defective  ears,  and  this  to  my 
mind  is  at  present  the  essential  problem.  Few  of  us  have  any 
conception  of  the  infinitesimal  amovmt  of  energy  required  for 
the  ear  to  hear.  Mr.  Minton  has  calculated  that  the  energy  con- 
sumed by  a  40  Watt  lamp  would  operate  a  string  of  telephone 
receivers  which  if  placed  a  foot  apart,  would  encircle  the  globe 
25,000  times  and  yet  produce  a  tone  of  1000  cycles  that  could 
be  heard  in  each  receiver  if  placed  to  an  ear.  The  intensity  of 
the  sound  transmitted  to  the  ear  is  proportional  to  the  energy. 
If  the  ear  were  a  perfect  physical  instrument  this  would  hold 
for  the  amount  of  energy  transmitted  to  the  nerve  ending- 
But  there  does  not  seem  to  be  the  same  relation  between  the 
amount  of  energy  transmitted  to  the  ear  and  that  transmitted  to 
the  nerve  endings ;  certainly  in  defective  hearing  this  ratio  is 
greatly  altered  at  diflFerent  pitches  and  to  a  varying  degree. 

Defects  Ix  Our  Present  Methods  and  Knowledge. 

In  spite  of  the  large  amount  of  work  that  has  been  done  es- 
pecially during  the  last  25  years  to  determine  in  absolute  terms 
the  minimum  amount  of  sound,  the  amplitude  of  vibration  that 
the  ear  can  perceive,  the  resulting  figures  have  been  most  dis- 
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crepant.  The  results  of  the  various  observers  show  a  wide  range 
of  difiference.  One  cause  contributing  to  this  was  the  inade- 
quate apparatus  available;  another  that  no  otological  tests  were 
made  to  ascertain  if  the  ears  so  tested  were  normal ;  to  these 
may  be  added  that  normal  ears  vary  very  considerably  not  only 
with  the  age  of  the  patient  but  among  individuals  of  approx- 
imately similar  ages,  and  even  between  the  ears  of  the  same 
individual. 

At  present  we  depend  almost  entirely  on  tuning  forks.  The 
overtones  in  the  lower  forks  are  got  rid  of  by  clamps  and  in  the 
higher  forks  are  so  much  higher  that  they  do  not  interfere  with 
our  present  application  of  the  test ;  we  are  also  aided  by  the 
fact  that  the  fundamental  tone  persists  longer  than  the  over- 
tones. Tuning  forks,  however,  have  great  limitations.  They 
are  wanting  in  scientific  accuracy  because  we  cannot  well  meas- 
ure the  amplitude  of  their  vibration.  Each  vibration  period 
varies  in  each  set  and  alters  somewhat  with  use.  It  has  been 
impossible  to  give  a  percentage  estimate  of  the  impairment  of 
hearing  in  one  ear  compared  with  normal  by  means  of  forks, 
for  the  amplitude  of  the  tuning  fork  when  it  ceases  to  be  heard 
in  the  two  ears  is  difficult  to  estimate. 

The  otologist  has  at  present  no  satisfactory  means  of  meas- 
uring the  intensity  of  the  sound  perceived.  There  is  no  certain- 
ty in  regard  to  the  position  in  the  sound  scale  in  which  the  max- 
imum sensitivity  for  sound  perception  lies. 

Our  present  tests  with  forks,  with  whistles,  etc.,  give  us  a 
rough  and  ready  method  of  ascertaining  fairly  accurately 
whether  the  lesion  lies  in  the  conducting  mechanism  of  the 
middle  ear  or  in  the  nerve  including  its  endings.  Such  a  wide 
generalization  has  served  in  the  past,  but  leaves  much  that  is 
important  unanswered.  There  are  few  of  us  fully  satisfied 
with  the  results  obtained  and  most  of  us  recognize  the  great 
gaps  in  the  knowledge  of  the  lesion.  Our  tests  frequently  fail 
us  when  we  desire  definitely  to  locate  a  lesion.  Consider  for 
a  moment  lesions  in  the  conducting  mechanism.  Supposing 
the  drum  membrane  be  indrawn  and  have  its  curvative  altered, 
we  are  not  able  to  say  how  such  an  alteration  will  affect 
the    hearing,    whether    the    deficiency    in    hearing    present    be 
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due  to  this  or  to  some  added  deficiency  of  movement  of 
one  or  more  ossicles.  If  the  membrane  be  relaxed  we 
are  unable  to  state  how  much  deficiency  of  hearing  hereby 
results  or  the  pitches  involved.  Such  questions  present  them- 
selves as  what  defaults  in  hearing  are  associated  with  perfora- 
tions in  various  quadrants  of  the  drum — quantitatively  and 
qualitatively ;  in  combinations  of  middle  ear  and  nerve  deafness, 
which  factor  predominates  and  to  what  degree.  It  has  been 
stated  that  in  the  loosening  of  the  malleus-incus  point  not  only 
are  the  low  notes  diminished  but  also  high  notes  of  plus  mag- 
nitude ;  the  question  arises  what  is  the  picture  of  ankylosis  of 
these  joints.     But  one  need  not  stress  this  phase  of  the  subject. 

Method  of  Testing  With  the  Audion  Oscillator. 

This  method  of  testing  the  sensitivity  of  the  ear  or  the 
degree  of  deafness  consists,  in  its  essential  features,  of 
measuring  the  minimum  audibility  current  at  various 
frequencies  through  the  vibrations  of  the  diaphragm  of  a 
telephone  receiver  adapted  for  this  purpose.  The  intensity 
of  the  minimum  audible  sound  acting  on  the  ear  is  porpor- 
tional  to  the  square  of  this  current.  These  minimum 
audible  current  readings  are  taken  over  a  range  of  fre- 
quencies from  100  to  4,000  or  5,000  cycles,  and  the  results 
plotted  in  the  form  of  curves.  Observations  have  been 
restricted  chiefly  to  these  ranges  for  two  reasons:  (1) 
They  include  the  pitches  most  important  for  voice  percep- 
tion and  (2)  the  telephone  receiver  specially  constructed 
for  this  work  was  timed  to  a  natural  frequency  of  over 
5,000  and  so  errors  from  this  source  were  less  likely  to 
vitiate  the  findings. 

The  Audion  Oscillator  is  used  to  supply  the  current  to  the 
telephone  receiver,  which  is  placed  against  the  patient's 
ear  at  a  constant  pressure.  The  oscillator  is  set  for  the 
desired  frequency  and  the  current  flows  through  the  bridge 
circuit  composed  of  non-inductive  resistances,  a,  b,  c,  d. 
The  resistances,  c  and  d,  are  generally  held  constant  while 
a  and  b  are  adjusted  so  that  there  is  sufficient  current 
through  the  receiver  for  the  patient  to  hear  wnthout  effort. 
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A  short  circuiting  key  when  depressed,  short  circuits  the 
receiver  and  when  the  patient  wishes  to  listen  he  releases 
the  key,  listens  very  closely  for  a  second  or  two  and  then 
depresses  the  key.  The  patient  nods  his  head  if  he  hears 
the  tone  in  the  receiver.  To  reduce  the  tone  in  the  receiver 
are  operator  adjusts  the  resistances  a  and  b  and  a  slide  wire 
resistance,  so  decreasing  the  current  through  the  receiver. 
The  patient  again  listens  as  before  and  indicates  if  he 
hears.  In  this  way  the  current  through  the  receiver  can  be 
continuously  decreased  until  the  minimum  current  to  make 
the  tone  just  audible  to  the  patient  is  obtained:  about  the 
vanishing  point  of  the  tone  the  patient  is  required  to  listen 
intently  for  two  or  three  seconds  several  times  with  two 
or  three  second  intervals  between  each  listening  period  in 
order  to  avoid  fatigue.  Having  obtained  the  settings  of 
the  resistances  for  minimum  audibility  at  various  frequen- 
cies the  current  through  the  receiver  is  calculated  by  means 
of  well  known  formulae  from  the  values  of  the  resistance 
of  the  bridge  arms,  the  impedence  of  the  telephone  receiver 
and  the  total  current  indicated  by  a  galvanometer.  With 
these  current  readings  and  the  vibrational  characteristics 
of  the  special  receiver,  the  vibrational  energy  at  the  various 
frequencies  of  the  receiver  diaphragm  can  be  calculated. 
Taking  the  sound  intensity  as  proportional  to  the  values 
of  the  vibrational  energy  we  can  plot  a  curve  showing  the 
sensitivity  of  the  ear  at  various  frequencies  where  the 
sensitivity  is  considered  to  be  equivalent  to  the  reciprocal 
of  the  vibrational  energy  of  the  receiver  diaphragm  for 
minimum  audibility.  N.  B. — A  fuller  description  of  the 
audion  oscillator  is  being  prepared  and  will  be  published 
separately. 

To  secure  the  exclusion  of  outside  noises  a  sound-proof 
booth  has  been  built  in  which  the  patient  is  seated  during 
the  testing.  The  booth  is  always  used  for  testing  normal 
ears  and  for  testing  ears  which  depart  little  from  normal. 

Method  of  Procedure 
Previous  to  examination  with  the  audion  oscillator  the 
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histor}^  of  the  patient  is  taken  and  details  noted  of  previous 
trouble  in  the  ear,  nose  and  pharynx.  The  pharynx,  naso- 
pharynx and  nose  are  examined  and  the  permeability  of  the 
tubes  noted.  The  drum  membranes  are  carefully  observed 
and  a  record  made  of  the  Rinne  and  of  the  Weber  tests  and 
of  bone  conduction.  The  distance  at  which  the  whispered 
voice  is  heard  is  ascertained  and  fork  tests  are  made  to 
ascertain  their  diminution  or  increase  from  normal.  In 
addition,  in  ears  with  defective  hearing  an  examination  of 
the  tubes  is  made  with  the  catheter  and  a  careful  examina- 
tion of  the  naso-pharynx  with  mirror  or  naso-pharyngo- 
scope.     When  indicated,  X  Ray  plates  have  been  made. 

Lantern  Slides  to  be  Shown 

In  ears  with  normal  hearing  the  curves  are  shown  plotted 
in  two  ways:  (1)  In  terms  of  relative  receiver  currents — 
relative  to  a  mean  of  several  normal  ears.  (2)  In  terms 
of  the  vibrational  energy  of  the  diaphragm. 

In  ears  with  defective  hearing  the  curves  are  plotted 
relative  to  an  average  of  several  normal  ears  in  terms  of 
relative  receiver  currents. 

SUMMARY  OF  RESULTS 
I,     Minimum  Audibility  In  Normal  Ears 

The  variety  and  irregularity  of  our  results  in  ears  with 
normal  hearing  were  unexpected.  You  will  have  noted  that 
while  there  exists  a  considerable  variation  among  normal 
ears,  each  ear  possesses  one  or  more  well  defined  peaks. 
The  curves  show  these  peaks  of  maximum  sensitivity  at 
various  pitches  but  chiefly  near  1,000  cycles.  It  will  be 
noted  that  an  ear  may  and  usually  does  possess  more  than 
one  well  defined  peak  but  that  when  two  or  more  peaks 
are  prominent  it  usually  happens  that  one  markedly  over- 
tops the  other.  While  the  maxima  of  sensitivity  show 
great  variety  in  pitch  position  in  different  individuals  were 
one  to  indicate  the  position  in  the  pitch  scale  where  the 
maximum   sensitivity  lies  in  the  average  individual,  one 
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would  not  g-o  far  astray  if  it  were  placed  about  900  cycles. 
It  does  not  seem  advisable  to  enter  into  details  on  this 
subject  at  this  time;  a  complete  report  is  being  prepared 
and  will  be  published  later.  It  is  to  be  understood  that  this 
subject  is  yet  in  the  experimental  stage  and  no  deductions 
are  offered.  We  do  not  know  why  certain  ears  have  their 
maximum  acuity  as  low  as  500  or  600  cycles — others  as 
high  as  1,500  or  1,700  cycles.  Age  probably  is  a  factor 
but  it  does  not  appear  to  be  the  only  factor.  While  our 
greatest  sensitivity  was  in  a  young  man  of  22,  who  at  900 
cycles  had  a  sensitivity  of  l/ZSOxlO^*^  ergs  (an  erg  being 
the  unit  of  mechanical  energy),  yet  we  found  in  a  man  of 
35  years  at  700  cycles  had  a  sensitivity  of  1/220x10^*^  ergs. 
One  interesting  question  for  the  otologist  of  the  future  will 
be  the  after  history  of  ears  with  this  extreme  sensitivity. 

II.     Minimum  Audibility  In  Ears  With  Defective 
Hearing. 

In  the  immediate  future  it  is  the  study  of  the  curve  of 
the  abnormal  ear  that  offers  the  most  fruitful  field  and  it 
is  in  this  field  that  we  as  practical  otologists  are  most 
interested.  Glimpses  of  these  possibilities  have  already 
been  given  in  the  papers  of  Dr.  Dean  and  his  collaborators 
and  in  the  papers  of  Mr.  Minton  and  myself.  With  the 
modified  siren  used  by  Dr.  Dean  and  Mr.  Budge,  as  well  as 
with  the  audion  oscillator  used  by  Mr.  Minton  and  myself, 
a  mean  audibility  can  be  readily  obtained  in  ears  with  nor- 
mal hearing.  In  the  results  here  shown  a  base  line  is 
drawn  to  indicate  this  mean  and  the  values  of  the  relative 
receiver  current  necessary  to  get  the  threshold  at  various 
pitches  plotted  relative  to  this,  give  a  curve  indicating  the 
defects  in  hearing.  A  direct  comparison  of  the  sound 
intensity  necessary  for  hearing  in  the  abnormal  ear  com- 
pared with  the  normal  can  be  got  from  the  square  of  the 
relative  receiver  current,  as  the  sound  intensity  is  propor- 
tional to  the  vibrational  energy  of  the  diaphragm. 

At  present  the  curves  from  the  Iowa  laboratory  and  those 
from  the  Chicago  laboratory  are  dissimilar.     In  considering 
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this  question  it  must  be  remembered  that  a  different  meth- 
od of  plotting  the  curves  has  been  used.  In  the  papers 
issued  from  the  Iowa  laboratory  the  curves  are  plotted  in 
numbers  designated  in  terms  of  electrical  resistance  in  the 
apparatus  used  and  the  ordinates  are  not  proportional  to 
the  current.  Our  papers  show  the  curves  plotted  in  terms 
of  relative  receiver  currents.  The  results  should  not  vary 
greatly  according  to  the  machine  used,  though  presumably 
they  will  vary  somewhat  according  to  the  result  obtained 
in  normal  hearing  tests.  But  it  is  well  to  have  at  this  stage 
a  variety  of  testing  apparatus ;  one  day  we  will  be  able  to 
decide  which  one  is  best  suited  for  the  purpose. 

From  our  examination  of  curves  obtained  from  ears  with 
defective  hearing  we  present  no  deductions.  When  we  have 
sufficient  data  we  shall  begin  to  synthesise.  Even  now,  however, 
the  graphic  pictures  of  some  of  these  curves  speak  for  them- 
selves, for  instance,  the  curves  of  nerve  deafness.  The  compli- 
cation of  other  curves  as  in  otosclerosis  make  us  hesitate  to 
commit  ourselves  to  any  deductions. 

The  observations  which  I  presented  to  you  at  our  last  meet- 
ing in  regard  to  the  position  of  tinnitus  relative  to  nerve  deaf- 
ness have  been  confirmed  by  observations  during  the  yast  year — 
some  of  which  have  been  shown.  They  throw  an  important 
light  on  the  pathogenesis  of  tinnitus — at  least  in  some  ears. 

One  word  in  conclusion,  we  all  recognize  the  amount  of  pes- 
simism which  exists  not  only  among  otologists  but  even  among 
the  general  laity  in  regard  to  the  outcome  of  the  treatment  of 
hearing  defects.  Such  pessimism  is  not  without  cause.  Yet 
this  National  Otological  Society  must  be  heartened  by  the  char- 
acter of  this  work  being  done  not  in  one  city  but  in  various 
centres  on  this  continent.  The  close  co-operation  between 
physicist  and  otologist  is  producing  lasting  results — results 
which  can  only  be  appreciated  by  one  who  has  taken  part  in  this 
co-operation.  Such  co-operation  has  come  to  stay  and  ought 
to  be  available  to  each  of  us.  With  the  accumulated  knowledge 
which  will  come,  the  cloud  of  pessimism  which  now  oppresses 
us  will  be  at  least  partly  dissipated. 
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SUMMARY 

I.  An  accurate  means  of  ascertaining  the  minimum  audi- 
bility of  tone  perception  in  ears  with  normal  and  defective  hear- 
ing is  needed  in  otology. 

II.  The  results  of  testing  by  means  of  the  audion  oscillator 
surpass  the  means  at  present  at  our  disposal. 

III.  By  it  a  permanent  record  can  be  made  of  the  amount  oi 
hearing  present,  of  the  progress  of  the  disease  and  of  the  results 
of  treatment. 

IV.  The  method  is  full  of  promise  for  a  more  accurate 
diagnosis  of  the  localization  of  lesions.  It  gives  an  explanation 
of  tinnitus.  This  method  offers  a  new  route  to  investigate  the 
physiology  of  hearing. 
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Outline 

I.  Remarks  about  the  new  plan— the  presentation  of  a 
broad  subject,  to  which  an  entire  session  of  the  Society 
shall  be  given. 

II.  The  scope  and  limitations  of  this  paper.  This  paper  is 
designed  to  include  all  the  main  subjects  included  under 
Neuro-Otology.  The  limitations  of  the  paper.  It  will 
make  no  attempt  to  be  encyclopedic;  its  point  of  view 
is  purely  clinical ;  certain  experiments  in  physics  and 
upon  animals  are  included,  but  only  to  the  extent  that 
they  throw  light  upon  clinical  problems. 

III.  Introductory  remarks  as  to  the  part  played  by  experi- 
mental research  and  clinico-pathologic   research. 

IV.  Problems — taken   up   one   by   one   as   entirely   separate 
entities,  but  conforming  to  a  general  plan. 

V.  Summary.  An  attempt  to  make  the  following  classifica- 
tion, on  the  basis  of  the  subject  matter  presented  in  this 
paper : 

(a)     What  we  are  to  regard  as  purely  theoretic. 

(6)     What  we  are  to  regard  as  highly  probable. 

(c)  What  we  can  regard  as  reasonably  proven — in- 
cluding the  phenomena  on  which  we  feel  we  can 
rely  in  clinical  diagnostic  work. 
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I.     Remarks  About  the  New  Plan  of  Presentation, 

The  council  of  the  Otological  Society  considered  that  an 
experiment  might  be  tried  at  this  meeting  of  the  Society.  In- 
stead of  having  a  series  of  papers  on  different  subjects,  the 
council  considered  that  our  program  would  be  improved  if  we 
concentrated  our  attention  upon  a  few  main  subjects,  devoting 
one  session,  or  a  large  part  of  a  session,  to  the  discussion  of  a 
single  subject.  Further,  that  as  far  as  possible,  one  member 
should  be  selected  for  preparing  a  formal  presentation  of  the 
subject.  It  was  further  suggested  that  this  paper  be  printed 
in  advance  of  the  meeting  and  copies  put  in  the  hands  of  all 
the  members  of  the  Society,  so  that  they  would  come  to  the 
meeting  prepared  to  add  as  much  as  possible  to  the  discussion. 
In  this  way,  it  is  hoped  that  such  a  paper,  followed  by  a  large 
and  more  or  less  prepared  discussion  by  many  members,  might 
constitute  a  fairly  elaborate  symposium  of  this  subject. 

Such  presentation  and  discussion  of  neuro-otologic  studies 
seems  opportune.  There  is  no  other  phase  of  otologic  work 
more  in  need  of  such  a  discussion  than  the  problems  of  neuro- 
otology.  The  problem  involved  in  the  study  of  the  internal 
ear  and  its  intracranial  connections  is  still  in  its  infancy.  On 
the  one  hand,  very  little  has  been  definitely  established ;  on  the 
other  hand,  when  we  come  to  learn  more  and  more  definitely 
the  significance  of  the  phenomena  that  we  actually  see  in  the 
examination  of  patients,  we  can  look  forward  to  an  enlarged 
sphere  of  the  usefulness  of  otologic  study.  To  be  sure,  at  this 
date,  our  conception  of  neuro-otology  is  not  so  vague  as  it  was 
only  a  few  years  ago.  To  those  who  have  made  such  studies, 
it  is  encouraging  to  note  that  a  certain  semblance  of  order  has 
already  taken  the  place  of  what  was  so  recently  a  complete  chaos. 

II.     The  Scope  and  Limitations  of  This  Paper 

This  paper  is  designed  to  present  all  the  main  subjects  in- 
cluded under  Neuro-Otology.  Broadly  speaking,  neuro-otology 
includes  every  investigation  that  bears  in  any  way  on  the  in- 
ternal ear  itself ;  the  anatomic  connections  of  the  internal  ear 
with  the  intracranial  structures — in  other  words,  the  complete 
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auditory  apparatus  as  well  as  the  complete  vestibular  apparatus ; 
the  normal  physiologic  functioning  of  the  auditory  apparatus 
and  the  vestibular  apparatus ;  and  the  phenomena  observed  in 
pathologic  change  in  any  portion  of  either  the  auditory  or  ves- 
tibular apparatus.  In  studying  the  literature,  it  is  surprising  to 
note  how  little  advance  has  been  made  in  the  knowledge  of  the 
intracranial  portion  of  the  auditory  apparatus.  It  is  equally 
surprising,  on  the  contrary,  to  note  that  there  has  been  a  re- 
markable advance  in  the  study  of  the  vestibular  apparatus; 
this  is  especially  true  during  the  past  five  years.  At  the  present 
time,  as  much  as  ten  per  cent,  of  all  otologic  literature  seems  to 
be  made  up  of  vestibular  studies,  by  leading  investigators,  of 
many  nationalities,  notably  the  Dutch,  Austrian,  Italian, 
Belgian,  French,  Scandinavian,  German,  Japanese,  English  and 
American.  Instead  of  occupying  a  very  casual  position  in 
otology,  vestibular  studies  now  include  so  many  investigators 
and  such  a  ma!5s  of  work  as  almost  to  constitute  a  specialty  of 
its  own. 

For  this  reason,  this  paper  will  make  no  attempt  to  be  en- 
cyclopedic or  to  refer  to  the  extensive  bibliography.  It  will 
attempt  to  present  only  the  essentials  of  each  main  neuro- 
otologic  subject.  Its  point  of  view  is  the  purely  clinical ; 
certain  experiments  in  physics  and  upon  animals  are  included, 
but  they  were  undertaken  and  are  presented  only  in  the  attempt 
to  throw  light  upon  clinical  problems  that  come  up  in  usual 
otologic  practice. 

III.     Introductory  Remarks  as  to  the  Part  Played  By 

Experimental  I^esearch  and  Clinico-Pathologic 

Research. 

The  comprehensive  neuro-otologic  problem  is  to  attain  know- 
ledge of  the  antomy  and  physiology  of  the  auditory  and  vestibu- 
lar mechanisms.  The  immediate  anatomic  problem  is,  through 
what  structures,  along  what  various  pathways  and  to  what 
neural  termini,  do  the  many  and  varied  impulses  proceed  from 
the  internal  ear.  The  object  of  such  study  is  to  enable  us  to 
interpret  the  significance  of  pathologic  disturbance  of  the  vari- 
ous portions  of  each  mechanism. 


142  JONES  AND  INGHAM 

Inhere  are  two  main  avenues  of  approach  to  this  problem — 
the  experimental  and  the  clinico-pathologic.  These  two  methods 
are  essentially  similar.  Not  only  have  they  the  same  object  to 
attain,  but  the  underlying  principles  are  identical,  in  that  they 
both  include  the  study  of  structures  in  relation  to  function,  and 
the  study  of  structures  in  relation  to  the  loss  or  disturbance  of 
function.  They  differ  in  that  the  experimental  is  largely  con- 
fined to  animals.  It  might  be  well  to  consider  the  advantages 
and  also  the  limitations  of  each  of  these  two  methods  of 
approach. 

Experimental  Research. 

Experimental  research  has  certain  advantages  over  the  clin- 
ico-pathologic, presenting  as  it  does  the  opportunity  either  to 
stimulate  or  to  destroy  certain  tissues,  and  then  to  study  the 
results.  These  results  can  be  studied  by  noting  changes  or.  loss 
of  function,  and  also  by  alteration  or  impairment  of  reactions 
to  stimuli.  In  addition,  it  is  then  possible,  by  post-morten  ex- 
amination, to  make  gross  and  histologic  study  of  the  struc- 
tures affected.  The  further  advantage  of  such  experimental 
research  is  the  opportunity  afforded  to  establish  a  series  of 
observations  and  to  obtain  a  general  average  of  results  from 
many  similar  experiments. 

Much  important  knowledge  of  the  vestibular  apparatus  has 
already  been  attained  by  the  experimental  method.  This  in- 
cludes observation  and  classification  of  the  responses  which  can 
be  obtained  from  a  direct  stimulation  or  destruction  of  separate 
structures  within  the  internal  ear.  S.  S.  Maxwell  has  made 
recent  valuable  contributions  to  this  phase  of  the  subject,  by 
experimental  work  on  fishes ;  he  will  present  a  resume  of  his 
work  and  that  of  others,  in  the  discussion  of  this  paper. 

Another  result  of  experimental  work  has  been  the  tracing 
of  degenerated  nerve-fibers  from  the  VIII  Nerve  and  its  con- 
nections, in  various  directions  within  the  brain-stem  and  the 
cerebellum.  The  most  recent  and  valuable  work  on  this  sub- 
ject is  that  of .  Sachs  and  Alvis;  Dr.  Sachs  will  open  the  dis- 
cussion by  presenting  the  present  status  of  available  informa- 
tion from  experimental  work  on  animals. 
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There  are  many  difficulties  peculiar  to  vestibular  study,  that 
are  met  by  one  undertaking  experiments  upon  animals.  There 
is  the  difficulty  of  applying  the  principles  of  comparative 
anatomy  and  physiology ;  due  consideration  must  be  given  to 
the  variations  of  structure  and  function  in  the  diiTerent  animal 
species,  including  man.  For  example,  the  range  and  complex- 
ity of  ocular  movements  viuries  greatly  in  different  animals; 
vestibular  stimulation  which  causes  rotation  of  the  human  eyes 
in  the  frontal  plane,  produces  in  fishes  merely  an  upward  devia- 
tion of  one  eye  and  a  downward  deviation  of  the  other.  Caloric 
stimulation  of  cats  fails  to  produce  some  of  the  responses  with 
which  we  are  all  familiar  in  the  human  being. 

One  of  the  most  reliable  methods  of  tracing  the  course  of 
nerve  fibers  is  by  means  of  the  degeneration  which  follows 
their  injury.  Such  degeneration  can  be  traced  only  in  the  dis- 
tribution of  the  particular  fibers  injured.  Although,  physiologi- 
cally, nervous  impulses  pass  from  the  terminals  of  one  nerve 
fiber  to  another  neuron,  and  so  on  to  their  ultimate  destination, 
pathologically  considered,  each  synaps  limits  further  degenera- 
tion. To  repeat,  degenerations  can  only  be  traced  within  the 
limitations  of  a  single  neuron — always  being  limited  by  the 
synaps.  Many  dififerent  pathways,  such  as  that  of  common 
sensation  from  the  skin,  are  known  to  include  three  or  more 
successive  neurons,  including  as  many  synapses  through  which 
the  impulse  must  pass.  To  follow  this  pathway  by  the  process 
of  tracing  degenerations,  it  is  necessary  to  produce  a  lesion  in 
each  successive  neuron.  P'or  example,  the  sensory  pathway  for 
pain  extends  from  the  periphery  to  the  posterior  root  ganglion ; 
other  fibers  pass  from  there  and  enter  the  spinal  cord ;  a  short 
distance  above  the  point  of  entry,  connection  is  made  with  an- 
other neuron,  the  axis  cylinder  of  which  proceeds  up  the  cord 
and  through  the  brain-stem  to  the  optic  thalamus.  Here  in 
turn,  new  connections  are  made ;  the  ultimate  anatomic  connec- 
tions are  as  yet  undetermined.  The  different  forms  of  sensa- 
tion, such  as  heat,  cold,  tactile,  pressure  and  muscle-sense,  are 
each  represented  by  a  special  neural  pathway  -which  can  be 
traced  over  successive  neurons  along  its  course.  Some  pro- 
ceed up  the  spinal  cord  on  the  sam?  side  that  they  enter,  some 
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Oil  the  opposite  side ;  some  are  interrupted  with'n  the  cord 
shortly  after  their  entry,  whereas  others  proceed  without  in- 
terruption to  nuclei  in  the  medulla  ohlongrUa. 

Analogous  arrangements  may  be  noted  in  the  nervous  mech- 
anism of  the  special  senses.  The  retina,  for  example,  contains 
within  its  layers  not  only  the  end-organs,  represented  by  the 
rods  and  cones,  but  neurons  interposed  between  these  end- 
organs  and  the  neurons  which  proceed  in  the  optic  nerve.  Fur- 
thermore, the  primary  centers  of  vision  form  another  inter- 
ruption in  the  course  of  the  visual  pathways  before  they  reach 
the  cerebral  cortex. 

There  are  only  a  few  demonstrated  synapses  along  the  vesti- 
bular pathways,  such  as  Scarpa's  ganglion  and  Deiters' 
Nucleus ;  however,  it  is  fair  to  assume  from  the  analgies  just 
given,  that  there  are  numerous  other  breaks  in  the  continuity 
of  the  neural  vestibular  pathways. 

From  the  well  established  principles  of  secondary  degenera- 
tions, it  is  readily  seen  that  any  part  of  any  pathway  can  be 
traced  only  within  the  segment  which  has  been  injureil,  and  'hal 
to  trace  any  particular  pathway  throughout  its  various  segments, 
it  would  be  necessary  to  produce  lesions  such  as  to  involve  each 
segment  in  turn. 

In  applying  this  method  to  the  present  problem,  there  arises 
the  practical  difficulty  of  making  discrete  lesions.  To  be  of 
value,  experimental  lesions  must  be  limited  so  as  to  destroy  a 
small  amount  of  tissue,  and  must  be  so  located  as  to  produce 
the  desired  destruction  without  disturbing  adjacent  tissues.  In 
vestibular  studies,  it  would  be  highly  desirable  to  produce  such 
minute  lesions  within  Deiter's,  von  Bechterew's  and  the  Tri- 
angular.  Nuclei ;  the  cerebellar  nuclei,  globosus,  emboliformis, 
and  f  estigii ;  the  corpora  (luadrigemina  and  many  other  struc- 
tures.    The  difficulties  attending  such  attempts  are  obvious. 

To  give  concrete  applications  of  the  above  general  principles, 
we  might  consider  the  possible  results  to  be  obtained  by  de- 
struction of  successive  segments  in  the  vestibular  pathways — ■■, 

(1)  End-organ,  (2)  VIII  Nerve  and  (3)  Central  Nuclei. 

1.  End-organ.  The  exact  histologic  course  of  fibers  from 
each  semicircular  canal  could  be  demonstrated  if  one  canal  could 
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be  destroyed  and  its  pathways  traced.  (The  same  could  be 
applied  to  the  utricle  and  saccule.) 

It  is  possible  to  destroy  one  horizontal  canal  and  its  ampulla, 
in  an  animal  previously  proven  to  be  normal  by  caloric  stimu- 
lation. To  prove  that  only  the  horizontal  canal  has  been  de- 
stroyed, it  would  be  necessary  subsequently  to  demonstrate 
normal  function  in  the  vertical  canals.  This  proof  is  probably 
impossible  because  of  the  serious  disturbance  of  the  entire 
mechanism  of  the  end-organ  incident  to  the  destruction  of  one 
canal.  This  would  seem  to  be  corroborated  by  the  experiments 
of  Sachs  and  Alvis,  in  the  lack  of  uniformity  of  the  spontaneous 
nystagmus  which  they  observed,  in  the  different  animals  in 
which  only  one  canal  had  been  destroyed. 

Even  if  one  canal  could  be  destroyed  and  the  fact  of  this 
isolated  destruction  proved  by  the  caloric  test,  the  secondary 
nerve  degeneration  does  not  extend  throughout  the  physiologic 
distribution  but  stops  by  Scarpa's  ganglion.  Sachs  and  Alvis 
have  demonstrated  that  destruction  of  all  the  canals  is  not  fol- 
lowed by  degeneration  in  the  VIII  Nerve. 

2.  The  \TII  Nerve  can  be  destroyed  and  secondary  degen- 
eration traced  to  different  portions  of  the  brain-stem  and  cere- 
bellum. However,  it  has  not  yet  been  possible  to  determine  any 
relationship  between  any  portion  of  these  fibers  and  the  indi- 
vidual semicircular  canals,  or  the  utricle  or  saccule. 

3.  Central  Nuclei.  Isolated  destruction  of  the  central 
nuclei  is  much  more  difficult ;  and  yet,  to  correlate  the  different 
nuclei  with  the  different  portions  of  the  end-organ,  such  a 
method  seems  to  offer  the  only  possibility  for  future  study.  In 
the  work  already  done,  in  making  discrete  lesions  in  the  nuclei 
of  the  brain-stem,  so  far  as  we  know  only  the  spontaneous 
phenomena  have  been  observed.  Additional  information  might 
be  gained  not  merely  by  observing  the  spontaneous  phenomena 
but  by  studying  the  responses  to  the  caloric  test. 

If,  for  example.  Deiter's  Nucleus  were  destroyed  and  sub- 
sequently the  horizontal  canal  failed  to  give  normal  responses 
whereas  the  vertical  canals  did  produce  normal  responses,  we 
could  reasonablv  conclude  that  the  fibers  from  the  horizontal 
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canal  go  to  Deiter's  Nucleus  and  that  the  vertical  canals  fibres 
do  not  go  to  Deiter's  Nucleus.  So  with  each  of  the  other  vesti- 
bular nuclei — the  von  Bechterew's  and  Triangularis — if  it  ever 
becomes  possible  to  make  discrete  lesions  of  these  structures. 

Summary :  To  find  out  the  exact  course  of  the  fibers  from 
the  different  semicircular  canals  appears  to  be  impossible  from 
experimental  work  on  the  end-organ  or  VIII  Nerve.  If  ever 
this  is  to  be  attained,  it  seems  that  the  only  possibility  con- 
sists in  making  discrete  lesions  in  the  brain-stem  and  then  test- 
ing the  different  semicircular  canals  by  the  caloric  test. 

Clinico-Pathologic  Research. 

Clinico-pathologic  study  has  its  own  peculiar  advantages, 
among  them : 

1.  The  human  being  is  the  object  of  study.  This  eliminates 
certain  fallacies  always  present  in  animal  study.  Studies  of  the 
human  being  are  furthermore  more  complete,  in  that  it  is  pos- 
sible to  secure  the  co-operation  of  the  patient  in  making  more 
elaborate  tests  than  are  possible  in  animals.  There  is  another 
important  advantage  in  that  the  human  being  can  supply  in- 
telligent evidence  of  his  subjective  sensations,  both  spontaneous 
and  after  experimental  tests. 

2.  Certain  pathologic  processes  result  in  small  discrete 
lesions,  in  locations  within  the  central  nervous  system,  which 
can  not  be  duplicated  by  operative  work  on  animals.  This  in- 
cludes vascular  lesions,  such  as  thrombosis  and  small  foci  of 
encephalitis  and  multiple  sclerosis.  Incidentally,  lesions  of  this 
type  give  more  exact  information  than  tumors  or  abscesses,  in 
which  pressure  phenomena  may  obscure  the  picture. 

3.  Clinico-pathologic  study  has  the  advantage  of  having  its 
workers  constantly  pressed  by  the  need  of  accuracy  in  diagnosis. 
Every  clinician  feels  the  necessity  of  accurate  interpretation  of 
phenomena  which  he  observed  in  every  day  practice.  There 
may  be,  in  the  world,  a  dozen  or  a  score  of  experimental  inves- 
tigators interested  in  neuro-otology.  In  contrast,  every  otolo- 
gist and  every  neurologist  is  a  potential  investigator  in  clinico- 
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jialhologic  research.  Furthermore,  problems  have  been  raised 
by  clinical  studies  which  have  stimulated  experimental  anatomic 
studies.  The  ideal,  of  course,  is  to  obtain  exact  histologic 
knowledge  of  each  minute  detail.  In  the  meantime,  the  clini- 
cian can  serve  two  purposes ;  first,  to  learn  what  he  can  from 
clinical  cases,  or  operation  or  necropsy ;  and  second,  by  his  daily 
clinical  observations  to  raise  questions  and  present  problems  for 
the  anatomist  to  try  to  solve. 

In  discussion  experimental  work  on  animals,  it  has  already 
been  mentioned  that  normal  responses  to  ear-stimulation  should 
be  made  a  basis  of  observations.  It  may  be  said  that  clinical 
experience  with  human  subjects  has  already  fairly  established 
the  norm.  We  know,  with  hardly  any  reservation,  that  when 
any  normal  individual  is  turned  or  his  ears  douched,  there  is  pro- 
duced a  definite  eye  movement  of  certain  duration,  in  a  definite 
plane ;  a  definite  vertigo  of  a  certain  duration,  and  a  falling  in  a 
definite  direction.  If  he  be  turned  or  douched  to  an  extreme 
degree,  he  shows  pallor,  sweat  and  nausea. 

With  the  above  phenomena  we  become  familiar,  and  all  who 
undertake  such  tests  become  impressed  with  the  uniformity  of 
responses. 

Each  variation  from  the  norm  must  receive  due  considera- 
tion. To  be  sure,  a  certain  latitude  must  be  given  to  individual 
variations  within  the  norm ;  when,  however,  gross  deviations 
from  the  norm  present  themselves,  it  may  be  concluded  that 
some  portion  of  the  complicated  mechanism  has  been  disturbed. 
It  might  be  well  to  cite  briefly  certain  examples  of  clinico- 
])athologic  experience  in  patients  that  proved  to  have  intra- 
cranial lesions. 

1.  In  one  patient,  ear  stimulation  produces  normal  responses 
from  the  horizontal  canals  and  no  responses  from  the  vertical 
canals.  Another  patient  shows  the  reverse — normal  responses 
from  the  vertical  canals  and  absent  responses  from  the  hori- 
zontal. Other  cases,  such  as  angle  tumors,  have  shown  no 
response  from  any  canals  of  either  ear,  except  one  horizontal 
canal,  and  this  showed  entirely  normal  function.  Two  cases 
recently  seen  (Exhibit  A  and  Exhibit  B),  not  as  yet  patho- 
logically verified,  showed  normal  responses  from  all  semicir- 
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cular  canals,  except  one  horizontal — the  exact  opposite  of  the 
phenomenon-complex  of  the  angle  tumor.  We  conclude  that 
there  is  necessarily  a  neuraxial  differentiation — that  the  fibers 
from  the  horizontal  canal  are  sufficiently  separated  from  those 
from  the  vertical  canals  to  permit  either  to  be  involved  without 
any  involvement  of  the  other.  This  will  be  taken  up  in  detail 
under  the  separate  "Problems". 

2.  Comes  a  patient  who  shows  normal  nystagmus,  but  im- 
paired vertigo  on  stimulation  of  one  horizontal  canal.  Another 
shows  normal  nystagmus  and  impaired  vertigo  from  both  hori- 
zontal canals.  Another  shows  normal  vertigo  but  impaired 
nystagmus.  We  are  led  to  consider  that  from  the  horizontal 
canal,  there  is  a  further  division  of  the  pathways,  on  the  one 
hand  producing  the  nystagmus  and  on  the  other  hand  produc- 
ing the  vertigo. 

Clinico-pathologic  observations  of  lesions  in  different  intra- 
cranial locations  have  shown  such  different  phenomena  that  to 
explain  them  merely  on  the  basis  of  pressure  from  internal 
hydrocephalus  is  untenable. 

In  spite  of  the  limitations  in  experimental  and  in  clinico- 
pathologic  research,  each  method  has  its  own  peculiar  advan- 
tages and  in  many  ways  supplements  the  other.  Further  prog- 
ress will  be  determined  largely  by  the  measure  of  co-operation 
of  the  investigators  using  the  different  methods  of  approach. 

IV.     Problems. 

To  the  clinician  the  problem  is  to  determine  the  valuation  to 
be  placed  upon  each  phenomenon  observed  in  the  study  of 
pati€nts.  We  will  take  up  separately  a  number  of  debated  sub- 
jects and  will  present,  in  skeleton  form,  certain  evidence  against 
and  for  previous  concejjtions  of  their  significance.  It  will  thus 
be  possible  for  the  discussion  to  round  out  our  knowledge  con- 
cerning these  separate  problems.  Realizing  that  there  are  many 
doing  neuro-otologic  work  that  would  not  be  present  at  this 
meeting,  we  also  sent  80  questionnaires. 

It  will  be  noted  that  the  subject  of  forced  movements  of  the 
skeletal  musculature  is  not  included  in  these  problems.    Magnus 
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and  de  Kleijn  and  others  have  demonstrated  physiologically 
that  there  is  a  lower  circuit  from  the  internal  ear  to  the  skeletal 
muscles — presumably  via  the  vestibulo-spinal  tracts.  It  would 
seem  that  these  vestibular  impulses  are  eventually  distributed 
by  spinal  co-ordinating  mechanisms  in  control  of  the  muscu- 
lature affected.  In  this  sense,  the  vestibulo-spinal  pathway  is 
analogous  to  the  vestibulo-ocular  pathway.  As  to  past-pointing, 
as  tested  by  the  Barany  method,  although  it  is  essentially  an 
adjustment  to  the  conscious  sense  of  movement,  yet  it  is  prob- 
able that  tonetic  influences  through  the  lower  pathways  rein- 
force this  adjustment.  The  falling  response  to  ear  stimulation 
appears  to  be  essentially  a  forced  movement,  although  there  is 
a  definite  cerebral  element.  There  is,  however,  so  much  uncer- 
tainty as  to  the  clinical  interpretation  of  forced  movements  that 
we  have  not  attempted  to  present  it  as  a  problem. 

The  problems  will  be  presented  in  the  following  order : 

1 .  Auditory. 

2.  Endolymph  movement. 

3.  Mechanism  of  ocular  movement. 

4.  Concept  of  vestibulo-ocular  pathways. 

5.  The  quick  component  of  nystagmus. 

6.  Spontaneous  vertical  nystagmus. 

7.  Perverted  nystagmus. 

8.  Vestibulo-cerebello-cerebral  tract. 

9.  Cerebello-pontine  angle  phenomenon-complex. 

10.     Neuraxial  differentiation  of  pathways  from  the  different 
semicircular  canals. 

Auditory. 

This  subject  offers  nothing  in  the  form  of  an  argument 
against  or  for  any  existing  conceptions.  The  anatomy,  physi- 
ology, pathology  and  symptomatology  of  the  cochlea  and  the 
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auditory  portion  of  the  VIII  Nerve  are  well  established.  The 
cortical  cerebral  areas  for  the  reception  of  auditory  impulses 
have  been  demonstated  to  be  in  the  first  temporal  convolutions ; 
this  may  be  considered  as  having  been  rather  conclusively  de- 
termined, both  by  experimental  work  on  monkeys  and  by 
clinico-pathological  cases. 

However,  as  to  the  course  of  the  pathways  between  the 
cortical  centres  and  the  entrance  of  the  VIII  Nerve  into  the 
brain-stem,  clinico-pathologic  evidence  is  singularly  meagre.  A 
priori,  it  might  be  expected  that  various  brain-stem  lesions 
would  exhibit  an  impairment  of  hearing.  Observations  of 
lesions  within  the  brain-stem  without  hearing  impairment  are 
common.  In  fact,  hearing  impairment  from  brain-stem  lesions 
is  so  uncommon  as  to  be  almost  unknown  in  the  experience  of 
otologists.  The  generally  accepted  pathway  of  the  auditory 
impulses  is  as  follows :  From  the  auditory  nuclei  by  way  of 
the  lateral  fillet  to  the  corpora  quadrigemina  and  internal  gen- 
iculate in  both  direct  and  crossed  relations ;  from  this  location 
the  pathway  continues  to  the  first  temporal  convolution  of  each 
cerebral  cortex.  For  many  years  no  new  evidence  on  this 
subject  has  been  presented  and  we  rely  on  the  uncontradicted 
work  of  the  older  anatomists  and  pathologists.  The  explana- 
tion advanced  for  unimpaired  hearing  in  cases  of  brain-stem 
le.sions,  is  the  neuraxial  difiFerention  of  the  auditory  fibres,  by 
means  of  which  each  VIII  Nerve  is  in  relation  with  both  sides 
of  the  brainstem.  The  auditory  pathways  on  each  side  are 
made  up  of  fibres  in  relation  to  each  cochlea.  In  other  words, 
with  this  arrangement  of  fibres,  deafness  in  either  ear  cannot  be 
produced  by  a  lesion  on  either  side  of  the  brain-stem  or  cere- 
bral pathways,  but  would  have  to  involve  these  pathways  on 
both  sides.  The  absence  of  impairment  of  hearing  from  un- 
ilateral lesions  of  the  supranuclear  pathways  is  however  note- 
worthy. Some  evidence  of  impaired  auditory  function  might 
well  be  expected  in  brain-stem  lesions.  It  may  be  that  our 
methods  of  testing  auditory  function  might  be  improved  in 
order  that  we  might  detect  such  a  type  of  impairment.  In  the 
present  status  of  our  knowledge,  however,  auditory  tests  are 
of  practically  no  value  in  giving  evidence  of  lesions  within  the 
brain-stem. 
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Attention  might  be  called  to  a  separate  neuro-mechanism 
concerned  with  the  peripheral  organ  of  hearing;  this  concerns 
the  mechanism  controlling  the  tensor  tympani  and  stapedius 
muscles. 

These  two  muscles  are  so  arranged  that  they  appear,  to  be 
concerned  with  the  adjustment  of  various  degrees  of  tension 
of  the  drum  membrane  and  the  ossicles.  These  adjustments 
are  made  to  accomodate  the  middle  ear  mechanism  to  various 
degrees  of  sound  waves.  The  tensor  tympani  muscle  is 
supplied  by  a  branch  of  the  motor  division  of  the  V  Nerve; 
the  stapedius  muscles  by  a  branch  of  the  VII  Nerve.  In  many 
respects  the  neuro-motor  apparatus  controlling  the  adjustment 
of  these  muscles  is  analagous  to  the  accomodation  mechanism 
of  the  eyes,  in  which  the  ciliary  muscle  innervated  by  the  III 
Nerve,  automatically  controls  the  focus  of  the  crystalline  lens, 
to  maintain  clear  vision. 

So  far  as  we  know  the  action  of  these  muscles  is  automatic. 
That  there  is  a  lower  mechanism,  presumably  within  the  brain 
stem,  and  that  a  cerebral  control  can  be  exerted  on  this  lower 
automatic  mechanism  is  suggested  by  the  following.  One  of 
the  writers  is  able  at  will  'to  produce  a  roaring  in  both  ears. 
Try  as  he  will,  he  cannot  produce  this  roaring  in  only  one  ear; 
in  fact  he  cannot  make  one  ear  roar  louder  than  the  other.  This 
sound,  produced  by  voluntary  effort,  consists  of  a  rapid  sequence 
of  beats.  There  is  a  definite  intermission  between  those  beats. 
The  beats  and  the  intermissions  are  synchronous  in  both  ears. 
There  appear  to  be  perhaps  fifteen  to  the  second;  this  is  of 
course  merely  approximate,  but  there  is  a  definite  rythm.  The 
slightest  effort  produces  this  roaring,  at  any  time;  it  is  how- 
ever a  definite  eflfort  to  maintain  the  roaring.  By  concentrated 
effort  the  ears  can  be  made  to  continue  to  roar  for  18  seconds; 
the  roaring  then  ceases,  but  can  be  made  to  recur  at  once  after 
cessation.  It  would  be  difficult  to  explain  this  matter  on  any 
other  basis  than  that  of  a  voluntary  control  over  the  action  of 
either  the  tensor  tympani  or  the  stapedius  muscle,  or  both. 

Endolymph   Movement 

The  first  problem  of  the  vestibular  apparatus  is  that  of  the 
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physics  of  the  end-organ.  Upon  theoretical  considerations  it 
has  been  generally  assumed  and  regarded  as  more  or  less 
determined,  that  the  endolymph  moves  freely  throughout  all 
portions  of  the  membranous  labyrinth;  that  the  endolymph 
movement  in  the  semicircular  canals  acts  upon  the  nerve  recep- 
tors in  the  crista  ampullaris  of  each  canal ;  and  that  the  direction 
of  the  endolymph  movement  determines  the  nature  of  the 
afferent  impulse.  The  peculiar  physical  structure,  and  the  con- 
figuration of  the  semicircular  canals  and  utricle  and  saccule 
lends  credence  to  this  view.  Given  an  organ  made  up  of  open 
tubes,  placed  in  definite  planes,  and  containing  endolymph 
throughout  their  full  extent,  it  has  been  thought  obvious  that 
this  sense-organ  registered  changes  of  position  of  the  head  by 
means  of  mass  movement  of  the  contained  fluid.  Doubt  has 
been  expressed  as  to  the  accuracy  of  this  theory,  especially 
concerning  the  possibility  of  endolymph  movement  within  the 
membranous  semicircular  canals. 

Question : 

Does  the  endolymph  move  freely  within  the  membranous 
labyrinth  ?  . 

Against: 

Physical  considerations. 

1.  It  would  seem  that  the  small  calibre  of  the  membranous 
semicircular  canals  must  interfere  with  mass  movement  of  the 
lymph  within  them,  on  account  of  capillarity. 

2.  It  would  seem  possible  that  pressure  variations,  without 
mass  movement  of  endolymph,  can  explain  the  origin  of  im- 
pulses from  the  end-organs. 

Physiologic  considerations. 

1.  In  fishes  in  which  the  semicircular  canals  and  their 
ampullae  had  been  destroyed,  S.  S.  Maxwell  has  produced  all 
normal  eye  responses,  except  the  horizontal,  by  mechanical 
stimulation  of  the  otoliths  of  the  utricle.  This  is  an  important 
contribution  to  the  physiology  of  the  internal  ear.  He  further 
showed  that  the  horizontal  canal  can  be  ligated  or  elevated  into 
the  vertical  position,   without   interfering   with  the   responses 
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from  turning  in  the  horizontal  plane.     He  points  out  that  all 
the  essential   responses   can  be  produced  under  conditions   in 
which  endolymph  movement  is  impossible. 
For: 

Physical  considerations. 

1.  The  physical  arrangement  of  the  semicircular  canals  is 
theoretically  ideal  for  recording  inertia  of  the  contained  fluid, 
from  every  possible  movement  of  the  head. 

2.  Maier  and  Lion  (Arch,  f .  Ohren,  Nasen  u.  Kehlkopfhlk., 
107:149,  Leipsic,  May  20,  1921)  have  observed  movement  of 
the  endolymph  within  the  semicircular  canals  of  living  animals, 
after  caloric  stimulation. 

3.  One  of  us  has  demonstrated  mass  movement  of  fluid 
within  a  capillary  glass  tube  under  conditions  approximating 
those  of  the  semicircular  canals.  The  lumen  of  the  tube  is 
between  .3  and  .4  mm. ;  the  tube  is  semicircular  and  both  ends 
terminate  in  a  small  reservoir  or  artificial  utricle.  The  entire 
apparatus  is  filled  with  vinegar,  which  contains  particles  in 
suspension,  easily  observed  under  the  microscope.  With  this 
tube  in  a  verticle  position,  and  the  reservoir  uppermost,  raising 
or  reducing  the  temjjerature  of  one  side  is  followed  by  circula- 
tion of  the  liquid  which  can  be  easily  observed  under  the  micro- 
scope. The  movement  of  the  liquid  begins  slowly  and  grad- 
ually increases  to  a  maximum  velocity  which  is  maintained  as 
long  as  the  conditions  of  temperature  in  the  tube  are  maintained. 
The  movements  of  the  liquid  are  always  in  the  direction  cor- 
responding to  the  principles  of  the  thermo-syphon.  During 
one  observation  of  these  caloric  tests,  one  end  of  the  tube  ac- 
cidentally became  blocked ;  when  heat  was  applied  near  the 
opposite  end,  two  currents  in  opposite  directions  were  observed 
at  the  same  point  within  the  lumen  of  the  tube.  In  other  words, 
free  fluid  movement  was  demonstrated  in  two  different  direc- 
tions within  a  tube  of  the  calibre  of  .4  mm.  or  less. 

The  above  physical  experiment  would  seem  to  show  that 
capillary  resistance  does  not  prevent  mass  movement  of  fluid 
within  a  capillary  tube,  when  the  fluid  is  in  free  communication 
with  a  common  reservoir  through  both  ends  of  the  tube. 
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Physiologic  considerations. 

1.  It  is  perhaps  possible  to  explain  Maxwell's  experiments 
without  sacrificing  our  faith  in  the  old  tenets  of  endolymph 
movement.  He  has  emphasized  the  importance  of  the  otoliths, 
about  which  so  little  is  known ;  and  he  has  shown  that  certain 
eye  movements  can  be  produced  in  fishes,  irrespective  of  endo- 
lymph movement  within  the  semicircular  canals.  This,  however, 
is  not  positive  evidence  that,  under  normal  conditions,  the  endo- 
lymph does  not  move. 

The  eye  movements  in  fishes,  upon  which  these  observations 
are  based,  do  not  compare  in  variety  or  delicacy  with  the  re- 
sponses elicited  in  the  human  being.  When  the  horizontal  canal 
of  the  fish  was  ligated,  it  is  possible  that  the  impact  of  the  fluid 
acted  on  the  sensory  nerve-endings  in  the  ampulla,  even  though 
this  movement  could  not  continue  throughout  the  entire  course 
of  the  canal.  A  gross  horizontal  movement  of  the  eyes  could 
be  obtained  under  these  conditions ;  this,  however  is  qualitative, 
and  not  quantitative.  If  after  ligating  the  canal,  there  could 
be  produced  an  after-turning  nystagmus  of  normal  duration  and 
amplitude,  and  after  the  caloric  test  a  full  response  of  norma:l 
intensity  and  duration,  we  would  then  have  more  positive  evi- 
dence against  endolymph  movement. 

Again,  when  the  horizontal  canal  was  elevated  to  the  vertical 
position,  it  is  not  probable  that  the  ampulla  was  drawn  out  of 
place  becuse  it  is  directly  adjacent  to  the  utricle. 

2.  The  argument  that  tension,  and  not  endolymph  move- 
ment, determines  the  response  is  not  tenable ;  a  change  of  tension 
without  movement  is  impossible.  If  after  turning,  there  is  a 
tension  at  one  end  of  the  utricle  and  a  relaxation  at  the  other 
end  of  the  utricle  there  must  have  been  a  displacement  of  the 
fluid  content — in  other  words,  mass  movement. 

3.  In  cases  of  fistula  into  a  semiccircular  canal,  pressure 
applied  produces  immediate  responses.  These  responses  cease 
promptly  on  the  cessation  of  the  pressure.  There  is  evidently 
no  prolongation  of  the  response  after  the  stimulation  has  ceased. 
After  turning,  the  nystagmus  and  vertigo  normally  continue 
•from  20  to  30  seconds.  From  this  it  may  be  concluded  that  the 
stimulus  has  persisted  from  20  to  30  seconds  after  the  turning 
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has  ceased.  Immediately  after  turning,  the  nystagmus  and 
vertigo  are  at  their  maximum.  They  gradually  subside ;  the 
amplitude  of  the  nystagmus  becomes  smaller  and  smaller  and 
the  individual  feels  that  he  is  rotating  slower  and  slower,  until 
he  conies  to  a  full  stop.  This  is  a  common  observation  and 
can  be  demonstrated  on  any  normal  individual ;  it  would  seem 
that  it  can  only  be  interpreted  on  the  basis  of  a  movement  of  the 
endolymph,  which  is  at  its  maximum  immediately  after  the 
turning  and  which  gradually  diminishes  until  it  comes  to  a  full 
stop. 

4.  A  recent  pathologic  case  bears  directly  on  this  subject. 
(Exhibit  C,  Georgie  John.son). 

In  the  examination  of  this  patient,  pneumatic  pressure  in  the 
left  ear  produced : 

1.  Nystagmus,  large  amplitude,  horizontal;  slow  component 
to  the  right ;  quick  component  to  the  left. 

2.  Past-pointing  of  all  extremities  to  the  right. 

3.  No  falling — all  responses  were  in  the  horizontal  plane. 
The  nystagmus  and  past  pointing  appeared  promptly  when 

pressure  was  applied ;  continued  while  pressure  was  maintained ; 
and  ceased  at  once  when  pressure  was  discontinued. 

These  responses  fulfill  the  conditions  of  the  fistula  test  and 
indicate  a  fistulous  opening  into  the  left  horizontal  canal. 

In  contrast  to  the  active  responses  from  the  fistula  test,  the 
left  horizontal  canal  gave  no  response  to  turning  or  caloric 
stimulation. 

Obviously  the  crista  ampuUaris  of  the  left  semicircular  canal, 
with  its  sensory  receptors,  was  functionating.  The  responses 
from  its  stimulation  were  prompt  and  qualitatively  correct, 
they  were  elicited  not  only  by  air  pressure,  but  also,  as  shown 
in  the  motion  pictures,  merely  by  touching  the  fistula  region 
lightly  with  a  cotton-tipped  probe. 

It  is  of  particular  interest  that,  although  the  crista  ampullaris 
was  actively  functionating,  yet  it  was  entirely  unaffected  by 
turning  and  douching.  Obviously,  something  interfered  with 
the  function  of  the  horizontal  canal  itself.     The  most  reason- 
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able  explanation  of  these  phenomena  appears  to  be  that  there 
was  an  obstruction  in  the  horizontal  canal,  posterior  to  the 
fistulous  opening,  which  interfered  with  the  endolymph  move- 
ment within  the  canal,  and  which  did  not  permit  endolymph- 
movement  or  impulse  to  affect  the  ampulla. 

In  Ewald's  original  experiment  on  pigeons,  he  plugged  the 
horizontal  canal  just  behind  an  opening  in  the  canal.  Pressure 
caused  the  eyes  to  rotate  toward  the  opposite  side.  This  case 
of  Georgie  Johnson  closely  resembles  this  experiment  of  Ewald. 
A  similar  case  was  shown  by  one  of  us  before  this  Society  in 
1917 — case  of  John  Brooks.  It  happened  that  the  fistula  in  this 
case  was  in  the  right  ear  and  showed : 

1.  Nystagmus  large  amplitude,  horizontal;  slow  component 
to  the  left ;  quick  component  to  the  right. 

2.  Past-pointing  of  all  extremities  to  the  left. 

3.  No  falling — all  responses  were  in  the  horizontal  plane. 
These  two  cases,.  Georgie  Johnson  and  John  Brooks,  show  all 
the  phenomena  of  horizontal  canal  stimulation,  by  means  of 
the  fistula  test.  Johnson  showed  the  normal  responses  to  be 
expected  on  stimulation  from  behind  the  left  ampulla,  whereas 
Brooks  showed  the  diametrically  opposite  responses  to  be  ex- 
pected on  stimulation  from  behind  the  right  ampulla.  No  pos- 
itive deductions  should  be  made  from  either  of  these  cases; 
the  only  positive  proof  would  be  complete  histologic  examina- 
tion, demonstrating  an  obstruction  in  the  horizontal  canal,  pos- 
terior to  the  fistulous  opening.  Short  of  histologic  proof,  how- 
ever, these  cases  seem  to  be  exactly  analagous  to  the  original 
Ewald  experiment. 

Resume: 

Considering  the  available  evidence,  the  following  conclusions 
are  suggested : 

1.  Capillarity  does  not  prevent  endolymph  movement  with- 
in the  semicircular  canals. 

2.  Endolymph  movement  within  the  semicircular  canals  is 
an  important  factor  in  determining  the  character  of  the  im- 
pulses from  the  end-organ. 
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3.  The  Otoliths  play  an  important  part  in  the  detection  of 
movement ;  apparently  the  otoliths  and  cristae  of  the  semi- 
circular canals  cooperate  in  function. 

Mechanism  of  Extraocular  Movement 

The  preceding  problem  concerned  the  physics  of  the  end- 
organ  and  the  mechanism  of  the  production  of  stimuli;  the 
next  problem  is  that  of  eye  movement  resulting  from  ear  stimuli. ' 
Before  attempting,  however,  to  consider  the  vestibulo-ocular 
mechanism,  it  seems  wise  to  discuss  the  ocular  mechanism  with 
which  the  ear  is  connected.  We  will  therefore  attempt  to  an- 
alyze the  essential  mechanism  of  ocular  movement  itself ;  then 
to  follow  the  functional  relationship  that  exists  between  the 
internal  ear  mechanism  and  this  ocular  mechanism.  Perhaps 
such  a  study  of  this  functional  relationship,  correlated  with 
historical  experimental  studies,  may  lead  to  an  advanced  con- 
ception of  the  anatomic  relationship. 

In  the  more  primitive  stages  of  the  evolution  of  the  ocular 
mechanism,  one  eye  is  placed  on  each  side  of  the  head  and  covers 
its  own  individual  field  of  vision.  In  this  stage  each  eye  may  be 
moved  independently.  In  higher  forms,  the  two  eyes  are 
placed  anteriorly,  and  to  a  large  extent  cover  the  same  visual 
field.  The  fields  are  thus  necessarily  superimposed,  and  fusion 
of  images  is  attained.  As  binocular  single  vision,  normal  to 
higher-  animal  types,  necessitates  maintaining  fusion  in  all 
possible  directions  of  gaze,  an  accurate  adjustment  of  the  visual 
axes  must  be  maintained.  Thus  is  evolved  the  conjugation  of 
ocular  movements — an  automatic  process.  The  term,  "associat- 
ed ocular  movements,"  signifies  the  unity  of  purpose  of  the  two 
eyes  which  operates  in  such  a  manner  as  constantly  to  direct 
both  visual  axes  toward  the  fixation  point  in  all  possible  direc- 
tions of  gaze.  This  association  of  movements  is  not  only 
automatic  and  involuntary,  but  is  so  firmly  established  as  to 
defy  voluntary  efl^ort  to  avoid  it.  No  normal  individual  can 
voluntarily  rotate  one  eye  in  any  direction  in  the  slightest  degree 
ivithout  also  rotating  the  other. 

By  the  very  nature  of  the  anatomic  relations  of  the  eyeballs 
and  the  extraocular  muscles,  it  may  readily  be  seen, that  each  of 
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the  ttvelvc  extraocular  muscles  must  play  a  definite  part  in  every 
normal  ocular  movement.  In  each  movement,  each  muscle  acts 
either  as  prime  mover  or  synergist  or  control.  These  twelve 
muscles  can  instantly  and  with  micrometric  accuracy  direct  the 
two  visual  axes  toward  any  point  within  the  range  of  the 
possible  eye  movements.  This  is  true  not  only  as  regards  direc- 
tion of  gaze  but  also  as  regards  distance.  The  accurate  degree 
of  convergence  of  the  axes  to  correspond  to  the  distance  of  the 
fixation  point  is  a  part  of  the  adjustment. 

What  is  the  nervous  mechanism  involved  in  extraocular 
movements?  Manifestly  this  involves  at  least  three  segments, 
viz:  (1)  The  peripheral  or  neuro-muscular  mechanism;  (2) 
The  cerebral  projection  tracts,  and  (3)  An  intermediate  or  co- 
ordinating mechanism. 

1.  rhe  peripheral  or  neuro-muscular  mechanism  com- 
prise the  III,  IV  and  VI  Nerves  and  their  nuclei,  and  the 
extraocular  muscles  which  they  supply.  The  nerves  of  this 
mechanism  constitute  the  final  common  pathway  for  all 
impulses  causing  ocular  movement.  As  previously  indi- 
cated, this  entire  mechanism  is  called  into  action  for  each 
eye  movement,  whether  voluntary  or  reflex. 

Disturbance  of  any  portion  of  this  mechanism  results  in 
a  porportionate  loss  of  movement  in  terms  of  individual 
muscles  or  nerves,  e.  g.  paralysis  of  the  abducens,  or 
paralysis  of  the  III  Nerve. 

2.  The  cerebral  projection  pathway,  by  which  voluntary 
ocular  movement  is  accomplished,  is  commonly  belived  to 
be  within  the  pyramidal  tract. 

It  should  be  mentioned  that  fibers  of  the  pyramidal  tract 
have  not  been  histologically  traced  directly  to  the  cells  of 
the  eye-muscle  nuclei.  It  should  also  be  noted  in  this  con- 
nection that  pyramidal  fibers  have  not  been  traced  to  the 
motor  cells  of  the  spinal  cord,  or  indeed  to  any  ultimate 
destination.  From  this  we  may  gain  some  idea  of  the 
difficulties  which  beset  histologic  demonstration  of  a  nervje 
pathway  even  though  its  existence  be  proven  by  physiologic 
observation. 
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From  the  viewpoint  of  the  cerebral  motor  mechanism, 
the  eye  movements  conform  to  the  general  rule  applying 
to  all  bilaterally  grouped  voluntary  movements.  They  are 
not  paralyzed,  and  are  but  slightly  affected  by  cerebral 
lesions  which  cause  hemiplegia  ;  either  cerebral  hemispheire 
is  apparently  capable  alone  of  calling  into  action  the  com- 
plete range  of  normal  extraocular  movements.  The  usual 
interpretation  assumes  that  there  is  a  bilateral  cortical 
representation  for  all  muscles  comprising  such  muscle- 
groups.  Other  examples  of  similarity  grouped  movements 
are  :  wrinkling  of  the  forehead,  phonation,  respiration  and 
trunk  movements.  All  of  these  show  but  little  involvement 
in  the  hemiplegic  state. 

Conjugate  deviation  of  the  eyes  may  result  from  aciite 
unilateral  cerebral  lesions  or  irritation,  usually  in  associa- 
tion with  convulsions  or  disturbance  of  consciousness,  but 
this  conjugate  deviation  never  persists  as  a  permanent 
symptom.  Cerebral  lesions  do  not  interrupt  the  conjuga- 
tion of  eye  movements.  This  is  true  even  following  decere- 
bration.  if  the  mid-brain  is  not  injured. 

3.  The  coordinating  mechanism  of  ocular  movement. 
The  peripheral  neuro-muscular  mechanism  is  well  deter- 
mined. The  cerebral  projection  pathway  is  commonly  ac- 
cepted. However,  to  explain  the  phenomena  of  extraocular 
movement,  it  is  necessary  to  postulate  a  coordinating  neu- 
ral mechanism,  interposed  between  the  cerebral  and  the 
peripheral  segments.  It  is  this  coordinating  mechanism 
that  commands  our  particular  attention.  The  intricacies 
of  this  structure  have  so  far  precluded  exact  knowledge, 
but  its  existence  is  proven  by  the  following  evidence. 

In  describing  the  phenomena  observed  in  their  experi- 
ments on  dogs  and  cats,  Wilson  and  Pike.  (Phil.  Tr.  Roy. 
Soc.  London  803:127-160,  1912)  noted  conjugate  ocular 
movements  produced  by  ear  stimulation,  (electric  and 
caloric),  in  animals  after  decerebration.  These  eye  move- 
ments were  in  lateral  and  oblique  directions.  Similar  reflex 
conjugate  movements  were  recorded  after  removal  of  the 
cerebellum. 
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In  one  of  our  experiments  on  cats,  conjugate  eye  move- 
ments were  observed  after  decerebration.  A  transverse 
incision  was  made  anterior  to  the  tentorium ;  necropsy 
showed  that  this  incision  had  been  carried  to  the  base  of 
the  brain  and  that  the  cerebral  hemispheres  had  l)een  separ- 
ated from  the  brain-stem,  with  exception  of  a  part  of  each 
occipital  lobe.  Caloric  stimulation  of  the  right  ear  pro- 
duced a  few  horizontal  nystagmic  eye  movements ;  the 
amplitude  was  small  and  only  a  few  movements  were 
elicited,  but  the  eye  movements  were  definitely  conjugate. 
After  the  head  was  removed  from  the  body  of  the  animal, 
electric  stimulation,  applied  to  the  region  of  the  internal 
ear  of  each  side,  caused  conjugate  vertical  ocular  move- 
ments. 

The  significance  of  these  observations  is  in  the  persis- 
tence of  the  conjugation  of  eye  movements  after  interrup- 
tion of  the  cerebral  or  cerebellar  connections.  The  type 
of  movements  observed  requires  the  concerted,  coordinated 
action  of  all  the  extraocular  muscles.  Since  the  cerebrum 
and  cerebellum  can  be  excluded,  there  remains  only  the 
brain-stem  in  which  to  look  for  this  coordinating  mechan- 
ism. It  would  seem  that  this  mechanism  must  include  :i 
system  of  neurons  with  fibers  distributed  to  all  the  cells  of 
the  peripheral  motor  nerves;  also  that  this  mechanism  is 
capable  of  sending  to  all  these  cells,  the  correct  impulses 
necessary  to  produce  any  accurately  coordinated  conjugate 
eye  movement.  This  is  also  indicated  by  the  variety  of 
reflex  eye  movements  observed  after  vestbular  stimulation. 
It  would  seem  probable  that  this  coordinating  mechanism 
not  only  receives  aiTerent  stimuli  from  various  peripheral 
sources  and  directs  the  appropriate  reflex  responses,  l)ut 
that  it  is  only  by  way  of  this  mechanism  that  impulses  reach 
the  eye  muscles,  from  the  cerebrum  or  any  other  source. 

Clinico-pathologic  observations  furnish  important  evi- 
dence concerning  this  mechanism.  Many  cases  on  record 
have  shown  inability  to  rotate  the  eyes  in  certain  directions 
of  gaze,  although  there  was  no  paralysis  of  any  of  the 
extraocular  muscles.    These  cases  are  designated  as  paraly- 
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sis  of  associated  ocular  movement  to  the  right,  or  to  the 
left,  or  upward,  or  downward,  or  in  convergence.  Such 
cases  show  lesions  involving  the  posterior  longitudinal 
bundle  or  the  brain-stem  near  the  aqueduct  of  sylvius. 
Cases  of  this  type,  showing  a  disturbance  of  associated  eye 
movements  without  paralysis  of  any  of  the  eye  muscles, 
point  definitely  to  lesions  of  the  mechanism  under  dis- 
cussion, and  indicate  that  the  posterior  longitudinal  bundles 
and  other  association  and  commisural  tracts  within  the 
brain-stem  are  utilized  by  this  mechanism. 

According  to  the  above  conception,  all  eye  movements, 
whether  voluntary  or  reflex,  are  under  the  control  of  this 
coordinating  mechanism.  It  would  seem  that  this  mechan- 
ism not  only  acts  as  a  switchboard  of  distribution  but  also 
manifests  a  certain  energy  derived  from  its  own  neurons — 
similar  to  that  of  the  electric  amplifier.  This  energy  is 
distributed  in  a  selective  manner  and  results  in  a  conjugate 
movement.  To  cite  an  analogy  in  military  manoeuvres : 
the  two  eyes,  being  analagous  to  a  squad,  execute  "squads 
right"  or  "squads  left"  at  the  order  of  its  leader;  the  leader 
moves  his  squad  as  a  unit  at  the  command  of  the  company 
commander.  If  the  commander  is  killed  the  leader  still 
controls  his  squad  as  a  unit.  If  no  order  be  received  by 
the  leader,  the  squad  may  wander  about  aimlessly — still  as 
a  unit — and  under  the  leader's  direction.  The  squad  leader 
in  this  analogy  is  the  coordinating  mechanism  in  the  brain- 
stem. 

The  classic  extraocular  symptom  of  lesion  of  the  peri- 
pheral neuro-muscular  mechanism,  is  paralysis  of  individ- 
ual ocular  muscles  ;  of  the  cerebrum,  is  conjugate  deviation  ; 
of  the  coordinating  mechanism  of  the  brain-stem,  is  distur- 
bance of  associated  eye  movements. 

Many  other  coordinated  neuro-muscular  mechanisms 
might  be  cited  as  analogies  for  this  conception  of  a  coordin- 
atihg  eye  mechanism.  For  example,  the  respiratory  move- 
ments are  controlled  by  the  respiratory  center.  All  the 
movements  of  respiration  are  conducted  by  voluntary 
muscles,  each   supplied  by  peripheral  motor  nerves ;    the 
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whole  series  of  these  nerves  arises  from  different  levels, 
from  the  pons  down  to  the  lower  dorsal  segments  of  the 
cord.  The  respiratory  center  functions  automatically 
through  the  influence  of  CO^  in  the  blood;  the  automatic 
action  of  this  center  keeps  up  continuously  throughout  the 
life  of  the  individual,  whether  asleep  or  awake.  Hovi'ever, 
voluntary  control  through  cerebral  impulse,  may  step  in 
and  modify  respiratory  movement,  by  accentuation,  change 
of  rhythm  or  temporary  arrest.  Reflexly,  various  afferent 
impulses  may  also  step  in,  such  as  application  of  sudden 
cold  to  the  skin  and  emotional  reactions.  It  must  be  noted, 
however,  that  whatever  impulse  is  transmitted  to  fhfe  re- 
spiratory center,  the  response  is  in  terms  of  synchronous 
action  of  many  muscles  controlling  the  respiratory  move- 
ments. Decerebration  or  removal  of  cerebellum  does  not 
interfere  with  the  automaticity  of  the  respiratory  mechan- 
ism, or  with  the  harmonious  action  of  the  musclies  it 
controls. 

Coughing,  sneezing  and  vomilring  are  controlled  by  similar 
coordinating  mechanism  or  nervous  centers  each  one  of 
these  centers  serves  its  own  definite  purpose,  and  each 
center  Controls  its  own  definite  group  of  muscles  to  meet 
a  specific  physiologic  need. 

In  this  connection  it  is  instructive  to  consider  how  few 
are  the  fibers  of  the  cortico-spinal  or  pyramidal  tract  com- 
pared with  the  much  greater  number  of  peripheral  motor 
neurons  which  they  control.  This  signifies  that  each  fiber 
of  the  cortico-spinal  motor  pathway  controls  a  number  of 
peripheral  motor  neurons  through  the  intermediate  neufons 
of  a  coordinating  mechanism. 

It  must  not  be  thought  that  the  actual  structure  or  con- 
tent of  these  centers  has  been  fully  determined.  The  re- 
spiratory center  is  regarded  as  being  situated  in  the  medulla 
oblongata  at  the  apex  of  the  calamus  scriptorious  and  is 
supposed  to  be  comprised  of  cells  located  in  the  reticular 
formation  on  both  sides  of  the  midline.  There  is  no  unani- 
mity of  opinion,  however,  as  to  just  what  neurons  are 
actually  included  in  the  formation  of  this  center.    The  sarrie 
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may  be  said  for  all  the  other  coordinating  centers.  Their 
existence  is  unquestioned;  their  action,  in  a  large  measure 
an  independent  action,  has  been  repeatedly  demonstrated 
by  experimental  work  as  well  as  clinical  observation;  and 
yet  we  must  not  lose  sight  of  the  fact  that  their  exact 
structure  is  unknown. 
Summary: 

Evidence  indicating  the  existence  of  a  coordinating 
mechanism,  consisting  of  intermediate  neurons  situated 
between  the  cortico-medullary  and  peripheral  motor  path- 
way : 

1.  The  complete  conjugation  of  the  eyes  in  all  normal 
voluntary  and  reflex  movements. 

2.  Conjugate  ocular  movements  can  be  elicited  by  either 
cerebral  hemisphere. 

3.  This  conception  of  the  coordinating  ocular  mechanism 
is  in  accord  with  other  well-known  coordinating  mechan- 
isms, such  as  the  respiratory  center. 

Evidence  indicating  that  this  coordinating  mechanism  is 
located  in  the  brain-stem : 

1.  Conjugate  ocular  movements  can  be  elicited  through 
vestibular  stimulation,  in  animals,  after  removal  of  cere- 
brum or  cerebellum. 

2.  Cases  of  paralysis  of  associated  ocular  movement 
have  shown  lesions  in  the  brain- stem. 

From  the  above  consideration  of  the  coordinating 
mechanism  itself  we  now  turn  to  a  discussion  of  its  func- 
tions ;  how  it  is  brought  into  action  by  stimuli  from  the 
cerebrum  and  from  various  sense-organs. 

Voluntary  movements  of  the  eyes,  under  normal  con- 
ditions, consist  of  associated  movements  in  all  conceivable 
directions,  except  rotation  in  the  frontal  plane,  and  diver- 
gence. In  close  relation  to  the  voluntary  movements  are 
certain  instinctive  automatic  movements,  in  the  production 
of  which,  a  cerebral  element  is  evident.  Example  :  turning 
the  eyes  in  the  direction  of  objects  suddenly  coming  into 
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the  peripheral  field  of  vision ;  maintaining  fixation  of  vision 
upon  moving  objects ;  rotation  of  the  eyes  in  the  frontal 
plane,  which  normally  occurs  when  the  head  is  tilted  to 
one  side ;  the  necessary  degree  of  convergence  to  attain 
fusion  for  objects  at  different  distances  from  the  eyes; 
rotation  of  the  eyes  in  the  direction  from  which  sounds  are 
heard;  or  from  which  a  touch  is  felt.  This  type  of  move- 
ment occurs  instinctively,  swiftly  and  accurately ;  without 
conscious  effort,  and  occurs  in  the  interest  of  securing 
visual  efficiency.  Conjugation  of  ocular  movement  is 
always  maintained  . 

These  instinctive  automatic  movements  tend  to  approach 
the  purely  reflex.  In  fact  it  has  been  suggested  by  some 
that  visual,  auditory  and  tactile  impresions  may  initiate 
ocular  movements  through  the  lower  centers  directly. 
There  is  some  evidence  that  a  direct  reflex  action  can  occur, 
but  it  is  difficult  to  eliminate  a  cerebral  element  as  a 
probable  factor  in  most  reflex  ocular  movements.  There 
is,  however,  at  our  command  one  means  of  demonstrating 
a  direct  reflex  movement  of  the  eyes  through  the  lower 
pathways ;  by  vestibular  stimulation  in  decerebrate  animals. 

Concept   of  the  Vestibulo-Ocular  Mechanism. 

Up  to  this  point  we  have  discussed  the  essential  mechan- 
ism of  extraocular  movement.  We  are  now  in  position  to 
discuss  the  functions  of  the  mechanism  in  terms  of  its  re- 
actions to  stimuli  from  the  internal  ear. 

Regardless  of  the  exact  physics  of  endolymph  movement, 
the  eye  movements  resulting  from  the  turning  and  caloric 
tests  are  always  in  the  exact  plane  of  the  endolymph 
impulse;  further,  the  direction  of  the  slow  component  or 
the  nystagmus  is  always  in  the  direction  of  the  endolymph 
impulse.  The  almost  mathematical  precision  of  these  re- 
actions is  familiar  to  all  observers,  irrespective  of  what 
theory  is  advanced  to  explain  them. 

Electric  stimulation  of  the  end-organ,  although  a  delicate 
test  of  function,  is  general  and  not  selective.  The  caloric 
test  is  selective,  but  to  a  limited  degree.     The  caloric  effect 
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can  be  applied  only  from  the  lateral  aspect ;  therefore  the 
internal  ear  can  not  be  influenced  in  sagittal  or  oblique 
planes.  It  is  the  turning  test  that  not  only  involves  both 
ears  but  stimulates  them  in  a  manner  identical  to  their 
daily  physiologic  activity. 

The  turning  tests  can  be  made  to  influence  the  internal 
ears  in  any  plane  desired.  In  this  way,  an  infinite  grada- 
tion in  the  nature  of  the  impulses  can  be  sent  inward  from 
the  end-organ,  depending  only  on  the  position  of  the  head 
during  the  turning.  Each  gradation  calls  forth  its  own 
specific  movement  of  the  eyes. 

That  a  reflex  associated  movement  of  the  eyes  in  any 
pre-  determined  direction  or  plane  can  be  elicited,  at  will, 
by  appropriate  ear  stimulation,  implies  an  accuracy  of 
adjustment  and  intimacy  of  neural  connections  of  the  ut- 
most variety  and  nicety.  We  must  postulate  not  only  an 
accurate  gradation  of  end-organ  impulses,  but  a  like  series 
of  adjustments  of  the  ocular  coordinating  mechanism.  In 
each  adjustment,  all  twelve  ocular  muscles  are  concerned 
in  an  alternating  series  of  actions  and  reactions. 

Such  phenomena  can  be  explained  only  by  the  concept, 
that  impulses  from  the  internal  ear  go  to  the  ocular  coor- 
dinating mechanism,  which  determines  the  appropriate 
ocular  movements.  By  this  concept,  fibers  from  the  vesti- 
bular nerve  and  nuclei  are  not  distributed  to  the  peripheral 
motor  neurons  of  the  III,  IV  and  VI  cranial  nuclei,  but  to 
the  ocular  coordinating  mechanism.  This  would  explain 
the  failure  of  attempts  to  trace  the  vestibulo-ocular  tracts 
to  the  eye-muscle  nuclei,  by  means  of  secondary  nerve- 
degenerations. 

The  Quick  Component  of  Nystagmus. 

Question: 

Is  it  a  cerebral  function? 

The  usual  concept  of  vestibular  nystagmus  has  been  that 
the  quick  component  is  of  cerebral  origin.  There  seems  to 
be  no  question  as  to  the  origin  of  the  slow  component ;  but 
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there  has  been  nothing  conclusive  concerning  the  origin  of 

the  quick  component. 

For: 

The  concept  of  the  cerebral  origin  of  the  quick  compon- 
ent is  suggested  by  evidence  such  as 

1.  Voluntary  fixation  is  a  cerebral  act.  Deviation  from 
the  point  of  voluntary  fixation  occurs  when  the  ears  are 
stimulated.  The  explanation  has  been  suggested  that  the 
quick  component  is  an  expression  of  the  cerebral  influence 
in  momentarily  overcoming  the  reflex  pull  from  the  ear. 

2.  During  a  vestibular  nystagmus,  gaze  in  direction  of 
the  quick  component  amplifies  the  nystagmus,  whereas 
gaze  in  the  direction  of  the  slow  component  reduces  it, 
even  to  the  point  of  complete  disappearance.  It  seems  that 
it  is  optional  with  the  cerebrum  to  determine  a  maximum 
or  minimum  nystagmus,  by  the  simple  expedient  of  volun- 
tarily reinforcing  either  the  quick  or  the  slow  component. 

3.  Loss  of  the  quick  component  under  general  anes- 
thesia;  also  under  other  unconscious  states,  such  as  coma. 

4.  Case  of  Miss  C.  (Equilibrium  and  Vertigo,  P.  382). 
On  caloric  stimulation  of  right  vertical  canals,  there  oc- 
curred a  rotary  conjugate  roll  of  both  eyes  toward  the 
right,  no  quick  component  to  the  left ;  stimulation  of  right 
horizontal  canal  produced  conjugate  deviation  to  the  right, 
which  persisted  for  the  duration  of  the  stimulus  without 
any  quick  component  to  the  left.  Stimulation  of  the  left 
vertical  canals  produced  a  normal  rotary  nystagmus  to  the 
right.  Stimulation  of  the  left  horizontal  canal  produced 
normal  horizontal  nystagmus  to  the  right.  The  contrast 
was  definite ;  the  quick  recoil  to  right  was  present  and  the 
quick  recoil  to  the  left  was  absent.  Necropsy  a  few  days 
later  showed  a  large  subcortical  abscess  in  the  right  parieal 
region. 

Against : 

In  contrast  to  the  above,  the  following  arguments  make 
it   strongly  suggestive  that  the   quick  component   can  be 
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initiated  by  a  lower  mechanism,  independent  of  the  cere- 
brum. 

1.  The  first  argument  given  above,  (that  the  quick  com- 
ponent is  an  attempt  at  cerebral  fixation),  is  minimized 
when  we  note  that  the  quick  component  is  no  less  active 
when  visual  fixation  is  eliminated — by  closing  the  eyes. 
Further  the  intimate  reciprocal  relationship  between  the 
slow  and  quick  components  would  seem  to  indicate  the 
operation  of  a  single  mechanism,  rather  than  the  coopera- 
tion of  widely  separated  structures.  On  the  basis  of  a 
cerebral  origin  of  the  quick  component,  we  would  have  to 
consider  the  following  sequence ;  ear  stimulation  would  act 
for  the  fraction  of  a  second,  whereupon  a  cerebral  impulse 
would  inhibit  that  from  the  ear  and  then  substitute  one  of 
its  own,  effecting  a  reverse  movement.  This  cerebral  im- 
pulse, quickly  subsiding,  is  then  replaced  by  that  from  the 
ear  and  this  alternating  series  of  reverse  impulses  con- 
tinues for  the  duration  of  the  stimulus  from  the  ear.  This 
appears  less  reasonable  than  a  concept  of  the  operation  of 
a  lower  coordinating  mechanism. 

2.  Absence  of  the  quick  component  in  general  anesthsia 
or  other  unconscious  states  by  no  means  proves  its  cere- 
bral origin.  The  different  degrees  of  disturbed  conscious- 
ness are  accompanied  by  the  loss  not  only  of  cerebral 
activities,  but  also  by  the  loss  of  the  various  lower  reflexes 
at  different  stages  of  the  anesthesia. 

3.  Numerous  cases  of  lesions  in  the  cerebrum,  including 
hemiplegias,  temporal  lobe  lesions  and  occipital  lobe  lesions 
have  failed  to  show  loss  of  quick  component. 

4.  Many  cases  of  proven  posterior  fossa  lesion,  including 
cerebellar  tumors  and  lesions  of  the  brain-stem  have  shown 
absence  of  quick  component.  (Cite  case  of  cerebellar 
abscess — Castillo  boy.  Exhibit  D.) 

5.  Certain  cases  of  pathology  of  the  brain-stem  in  which 
ear  stimulation  produced  dissociated  nystagmus — nystag- 
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mus  of  one  type  in  one  eye  and  of  a  different  type  in  the" 
other  eye.  It  would  be  difficult  to  explain  these  two  differ- 
ent types  of  quick  components  on  a  cerebral  basis.  When 
one  sees,  after  ear  stimulation,  a  horizontal  nystagmus  in 
one  eye  and  a  vertical  nystagmus  in  the  other  eye,  it  seems 
more  reasonable  to  conclude  that  the  quick  component 
originates  in  a  lower  mechanism  which  automatically  reacts 
to  correct  the  particular  deviation  of  each  eye. 

6.  This  conception  of  a  lower  automatic  center  which 
can  produce  the  quick  component,  independent  of  the  cere- 
brum, seems  to  be  supported  by  recognized  analogous 
coordinated  reflexes.  If  acid  is  applied  to  the  side  of  a 
decerebrate  frog,  the  hind  leg  of  the  same  side  is  moved 
in  a  manner  to  wipe  off  the  irritant.  This  movement  is  not 
simply  a  flexion  or  an  extension  of  the  leg,  but  an  orderly 
sequence  of  movements  including  flexion  and  extension  of 
several  joints  in  a  manner  to  accomplish  a  definite  purpose. 
If  the  back  of  a  decerebrate  dog  is  rubbed,  the  so-called 
"scratch  reflex"  may  be  elicited,  consisting  of  a  series  of 
quick  to  and  fro  scratching  movements  of  one  hind  leg.  If 
a  stream  of  cold  water  is  directed  against  the  inner  surface 
of  the  pinna  of  a  decerebrate  cat,  one  may  observe  a  quick 
shaking  to  and  fro  movement  of  the  head  which  is  charac- 
teristic of  normal  cats  in  attempting  to  dislodge  irritants 
from  the  ear. 

In  an  analysis  of  the  movements  concerned  in  such  co- 
ordinating reflexes  in  decerebrate  animals,  it  is  particularly 
to  be  noted  that  there  is  in  each  reflex  a  series  of  reciprocat- 
ing to  and  fro  movements,  performed  by  groups  of  muscles. 
Many  muscles  are  concerned  in  each  reflex,  and  different 
groups  are  active  in  different  phases  of  the  movements, 
alternating  with  remarkable  accuracy  and  rhythm.  These 
reflexes  are  of  the  nature  of  purposeful  movements,  and 
each  of  them  can  be  initiated  by  volition.  They  have  prob- 
ably evolved  from  purely  voluntary  acts  to  the  stage  of 
automaticity  of  the  low  coordinating  centers.  As  in  vesti- 
bular nystagmus,  some  of  these  reflexes  exhibit  a  series  o£ 
to  and  fro  movements,  consisting  of  a  principal  movement 
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and  then  a  movement   of   recovery,  in  preparation   for  a 
repetition  of  the  principal  movement. 

7.  Some  direct  evidence  has  been  presented  from  experi- 
ments on  animals,  indicating  that  lower  centers  may  initiate 
the  quick  component  of  vestibular  nystagmus.  Barenne, 
cited  by  Wilbrant  and  Sanger  (Neurologic  des  Auges, 
achter  Bond,  Die  Bewegungssorungen  der  Augenmuskeln, 
P.  308)  observed  no  disturbance  of  nystagmus  from  turning 
in  either  direction,  nor  from  caloric  stimulations  of  either 
ear,  in  rabbits  after  removal  of  one  cerebral  hemisphere. 
Wilson  and  Pike  in  1911  observed  spontaneous  labyrinthine 
nystagmus  in  a  cat  after  destruction  of  the  left  labyrinth 
and  the  removal  of  the  cerebral  cortex  of  both  sides.  The 
optic  thalami  w^ere  intact  in  this  experiment. 

One  of  our  experiments,  (previously  mentioned)  although 
by  no  means  conclusive,  was  not  without  significance.  A 
cat  under  ether,  was  decerebrated  to  the  extent  that  most 
of  the  cerebrum  was  separated  from  connection  with  the 
brain-stem.  This  was  accomplished  by  an  incision  parallel 
and  1  c.  m.  anterior  to  the  tentorium  pasing  through  the 
optic  thalami.  In  spite  of  surgical  shock  from  which  the 
animal  did  not  recover,  a  few  movements  of  both  slow  and 
quick  components  of  nystagmus  were  elicited  by  caloric 
stimulation  of  the  labyrinth. 
Resume: 

The  quick  component  of  vestibular  nystagmus  is  initiated 
by  the  lower  automatic  mechanism,  independently  of  the 
cerebrum.  However,  cerebral  impulses  can  modify  the 
action  of  the  lower  mechanism. 

Spontaneous  Vertical  Nystagmus 
Question: 

Is  spontaneous  vertical  nystagmus   indicative  of  lesion 
within  the  brain-stem,  or  involving  the  brain-stem  by  ad- 
jacent pressure? 
Against: 

1.     A   small   nystagmus   in   extreme   position   of   lateral 
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gaze  is  recognized  as  physiologic.  Why  should  we  not 
also  regard  as  physiologic  a  small  vertical  nystagmus,  in 
the  extreme  positions,  upward  or  downward,  of  vertical 
gaze? 

2.  Observations  on  normal  individuals  have  demon- 
strated a  small  vertical  nystagmus  upwards,  after  prolonged 
fixation  in  the  extreme  upward  direction. 

.  3.  In  patients  showing  general  neuro-muscular  exhausr 
tion,  we  have  frequently  observed  prompt  vertical  nystag- 
mus of  fair  amplitude,  on  extreme  gaze,  upward  or  down- 
ward. 

4.     Active  vertical  nystagmus,  with  the  quick  component 
upward,  was  observed  by  us  in  a  cat  upon  recovery  from 
ether,  after  injury  of  both  internal  ears.     Necropsy  showed 
that  there  was  no  intracranial  injury. 
For: 

1.  Patients  showing  general  neuro-muscular  exhaustion, 
without  evidence  of  brain-stem  lesion,  have  shown  not  only 
vertical  nystagmus,  but  also  horizontal,  oblique  and  con- 
vergent nystagmus  depending  upon  the  direction  of  gaze. 

2.  Clinically,  labyrinthitis  produces  a  spontaneous  hori- 
zontal nystagmus  or  rotary  nystagmus,  or,  most  frequently, 
a  mixed  horizontal  and  rotary  nystagmus.  We  know  of 
no  case  of  proven  end-organ  lesion  which  has  shown  spon- 
taneous vertical. nystagmus,  with  the  exception  of  the  cat 
experiment  noted  above. 

3.  Brain-stem  lesions  frequently  exhibit  spontaneous 
vertical  nystagmus. 

4.  Cerebellar  lesions,  angle  tumors  and  other  lesions  in 
the  posterior  fossa,  frequently  show  spontaneous  vertical 
nystagmus.  In  our  experience,  vertical  nystagmus  has 
been  observed  in  cases  of  posterior  fossa  lesion  of  the  type 
of  tumor  or  abscess — lesions  producing  local  pressure. 
Others  have   made   similar   observations.      Howevei*,   that 
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these  lesions  produce  nystagmus  not  intrinsically  but  be- 
cause of  pressure,  has  not  been  regarded  as  conclusive.  A 
recent  case,  (Exhibit  D.),  is  illuminating  on  this  point.  The 
case  was  one  of  large  cerebellar  abscess.  Among  other 
phenomena,  there  was  a  large  spontaneous  vertical  nystag- 
mus upward.  The  abscess  was  drained.  After  operation 
the  vertical  nystagmus  was  absent.  Later,  autopsy  showed 
that  the  abscess  was  limited  to  the  cerebellum.  This  case 
suggests  that  it  was  not  the  intrinsic  cerebellar  involve- 
ment that  produced  the  nystagmus,  but  the  pressure  upon 
the  brain-stem. 

Resume: 

Spontaneous  vertical  nystagmus,  per  se,  is  not  necessari- 
ly indicative  of  brain-stem  lesion,  for  the  reason  that  it  has 
been  observed  as  a  fatigue  symptom.  However,  spontan- 
eous vertical  nystagmus  has  frequently  been  observed  in 
patients  with  lesions  in  or  near  the  brain-stem  and,  so  far 
as  we  know,  has  not  been  observed  clinically  in  association 
with  lesions  in  any  other  location.  In  patients  who  have 
other  symptoms  of  intracranial  lesion,  a  spontaneous  verti- 
cal nystagmus  indicates  that  the  lesion  is  within  or 
adjacent  to  the  brain-stem. 

Perverted  Nystagmus 
Question: 

Is  perverted  nystagmus  indicative  of  lesion  within  the 
brain-stem  or  involving  the  brain-stem  by  adjacent  press- 
ure? 
Definition : 

We  consider  this  phase  of  the  subject  of  sufficient  im- 
portance to  describe  the  different  types  of  abnormal  eye 
responses  to  ear-stimulation,  and  to  attempt  a  rough  classi- 
fication of  perverted  nystagmus. 

1.  Cases  showing  normal  type  of  responses  from  stimu- 
altion  of  one  ear,  but  abnormal  responses  from  stimulation 
of  the  other  ear. 
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2.  Cases  showing  abnormal  responses  from  stimulation 
of  both  ears. 

3.  Simple  perverted  nystagmus — in  which  the  eyes  are 
coordinated,  but  the  response  is  of  a  wrong  type.  Ex- 
amples : — horizontal  canal  producing  rotary,  oblique  or 
vertical  nystagmus ;  or  vertical  canals  producing  horizon- 
tal, oblique  or  vertical  nystagmus,  instead  of  the  normal 
rotary. 

4.  Inverse  nystagmus,  in  which  the  nystagmus  is 
diametrically  opposite  to  the  normal  response. 

5.  Convergent  nystagmus,  in  which  each  eye  shows 
nystagmus  inward. 

6.  Dissociated  nystagmus,  in  which  the  nystagmus  of 
one  eye  is  of  a  different  type  from  that  of  the  other. 
Against: 

1.  One  should  be  guarded  in  pronouncing  that  a  slight 
deviation  from  the  normal  type  of  nystagmus  after  stimu- 
lation is  a  true  perverted  nystagmus,  because  of  the  possible 
fallacy  of  imperfect  technique.  If  one  observes  a  rotary 
element  in  the  response,  after  turning  with  the  head  30 
degrees  forward,  it  would  be  wrong  to  draw  hard  and  fast 
conclusions  that  this  is  a  perverted  nystagmus.  Similarly. 
after  douching  with  the  head  back  60  degrees,  if  one  ob- 
serve a  rotary  element,  he  must  be  sure  to  note  whether  the 
backward  inclination  of  the  head  is  at  exactly  the  correct 
angle.  It  is  also  conceivable  that  the  semicircular  canals 
are  not  always  in  exactly  the  same  plane  in  all  individuals, 
as  all  physical  structures  occasionally  show  variation  from 
the  average  normal.  If,  therefore  on  stimulation  of  the 
horizontal  canal  one  observes  a  rotary  element  or  a  nystag- 
mus in  a  slightly  oblique  plane,  a  certain  latitude  of  inter- 
pretation is  necessary.  The  abnormalities  should  not  be 
considered  as  a  true  perverted  nystagmus. 

2.  At   each   synaps   in   the   course   of   nerve   pathways, 

there  is  probably  a  regrouping  of  the  functional  relations 
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of  the  nerve  fibers  and  a  possiljility  of  diversion  of  the  path- 
ways along  which  the  impulse  may  pass.  So  long  as  an 
impulse  is  transversing  one  fiber,  its  course  is  fixed;  at  the 
synaps,  there  may  be  several  avenues  over  each  or  all 'of 
which  the  impulse  may  continue.  Every  synaps  in  the 
course  of  the  pathway  increases  the  complexity  of  the  path- 
ways open  to  the  impulse.  Theoretically,  if  there  is  a 
block  in  any  one  segment  of  a  pathway  made  up  of  several 
neurons,  the  impulse  may  deviate  from  its  usual  course  by 
overcoming  the  threshold  of  collateral  connections.  One 
such  a  theory,  Scarpa's  ganglion  might  be  the  location 
where  a  lesion  would  divert  the  impulse  from  the  horizontal 
canal  to  the  pathways  of  the  vertical  canals.  If  this  were 
true,  it  would  be  possible  to  account  for  a  perverted  nys- 
tagmus from  a  lesion  not  in  the  brain-stem,  but  within  the 
internal  auditory  canal. 

3.  Even  if  the  evidence  were  conclusive  that  perverted 
nystagmus  is  always  of  intracranial  origin,  indisputable 
evidence  must  be  produced  before  we  should  state  that  it 
is  indicative  of  brain-stem  involvement.  Supratentorial 
lesions,  merely  by  increasing  general  intracranial  pressure, 
may  cause  various  localized  phenomena,  such  as  papilledema 
or  abducens  paralysis.  It  is  conceivable  that  such  general 
pressure  might  so  derange  the  vestibulo-ocular  mechanism 
as  to  produce  perverted  responses. 

4.  In  the  absence  of  conclusive  data  as  to  the  exact 
mechanism  involved  in  the  production  of  perverted  nystag- 
mus, and  in  the  absence  of  a  great  number  of  well-recorded 
and  proven  cases,  it  is  unwise  to  regard  this  phenomenon 
as  a  positive  indication  of  brain-stem  involvement.  To 
prove  that  it  is  not,  all  that  would  be  required  would  be  one 
case  of  frontal  lobe  tumor  (or  any  other  lesion  at  a  distance 
from  the  brain-stem),  which  exhibited  perverted  nystagmus 
of  any  type. 

For: 

1.     From  our  knowledge  of  the  mechanics  of  the  end- 
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organ  and  our  interpretation  of  the  normal  physiologic  re- 
sponses, a  perverted  nystagmus  is  theoretically  inconsistent 
with  any  disturbance  of  the  end-organ  or  VIII  Nerve. 

2.  The  reflex  pathway  for  normal  nystagmus  is  from 
the  vestibular  end-organ,  through  the  VIII  Nerve  and 
brain-stem  to  the  ocular-motor  nuclei.  Theoretically  it 
would  appear  that  perversion  of  the  normal  response  must 
be  due  to  a  disturbance  along  this  pathway ;  if  the  end- 
organ  and  VIII  Nerve  can  be  excluded,  this  disturbance 
would  appear  to  be  necessarily  within  the  brain-stem. 

3.  We  know  of  no  proven  case  of  end-organ  lesion  which 
has  shown  perverted  nystagmus.  Neither  do  we  know  of 
any  case  of  neuritis  of  the  VIII  Nerve  which  has  exhibited 
this  phenomenon.  Tumors  of  the  VIII  Nerve  frequently 
exhibit  perverted  nystagmus ;  here  however,  we  have  not 
only  VIII  Nerve  lesion  but  a  tumor  mass  distorting  the 
brain-stem  by  pressure.  It  is  a  significant  ol)servation 
that  in  the  tumors  of  the  VIII  Nerve  that  we  have  seen, 
perverted  nystagmus  never  appeared  as  an  early  sympton 
but  came  on  later,  presumably  in  the  course  of  the  enlarge- 
ment of  the  growth, 

4.  Lesions  of  the  brain-stem  itself  frequently  exhibit 
perverted  nystagmus. 

5.  Lesions  adjacent  to  the  brain-stem  of  the  type  caus- 
ing pressure,  frequently  show  perverted  nystagmus.  It  is 
sometimes  noted,  (as  in  case  of  Mrs.  Fernandez.  Exhibit 
E.),  that  perverted  nystagmus  comes  on  in  the  course  of 
the  development  of  a  posterior  fossa  lesion ;  as  the  lesion 
progresses  the  nystagmus  becomes  perverted. 

6.  We  have  no  record  of  any  proven  case  of  lesion  not 
adjacent  to  brain-stem,  which  did  exhibit  perverted  nystag- 
mus. 

Resume: 

Although  this  phenomenon  has  been  observed  for  only  a 
few  years,  and  although   the   number  of  proven  cases   is 
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limited,  yet  it  may  be  said  that  a  true  perverted  nystagmus 
bids  fair  to  be  regarded  as  one  of  the  most  reliable  signs 
of  an  involvement  of  the  brain-stem.  ... 

Vestibulo-Cerebello-Cerebral  Tract 

Before  considering  whether  the  impulses  producing  physio- 
logic vestibular  vertigo  pass  through  the  cerebellum,  we  should 
first  consider  the  evidence  from  which  we  assume  the  existence 
of  a  pathway  from  the  vestibular  nuclei  to  the  cerebrum.  Every- 
one recognizes  that  the  appreciation  of  movement  is  a  concept 
that  may  be  derived  from  various  sensations,  including  visceral, 
tactile,  muscle  and  vestibular  sense.  The  full  normal  recog- 
nition of  movement  is  unquestiOniably  a  composite  of  sensations. 
In  this  composite  of  sensations,  the  element  that  we  are  dis- 
cussing is  the  vestibular  sense.  This,  we  regard  as  a  specific, 
special  sense. 

We  observe  that  from  each  type  of  stimulation  of  the  end- 
organ,  afTecting  the  internal  ear  in  various  planes  and  directions, 
there  occurs,  in  consciousness,  a  specific  sense  of  motion.  This 
sensation  is  definite  in  regard  to  direction,  plane,  duration,  in- 
tensity and  rate  of  movement — always  corresponding  to  the 
character  of  the  stimulation  employed.  To  our  minds,  this  is 
proof  that  each  impulse  has  reached  the  sensoriimi. 

It  is  generally  accepted  that  there  is  a  cerebral  center  for 
each  of  the  other  senses;  it  would  seem  reasonable  to  postulate 
a  similar  cerebral  representation  for  the  reception  of  impulses 
from  this  end-organ  of  special  sense.  As  to  the  location  of 
such  a  center,  there  is  little  definite  evidence.  Certain  evidence, 
however,  has  been  presented  by  Dana^  Mills  and  Gushing,  sug- 
gesting that  the  temporal  lobe  may  be  the  location  of  this  center. 
:Two  cases  of  right  temporal  lobe  lesions  were  reported  by 
Dana ;  one  had  exhibited  vertigo,  and  the  other,  vertigo  and 
forced  movements,  backwards  and  to  the  right.  Mills  observed 
a  case  of  tumor  of  the  left  mid-temporal  region,  in  which  verti- 
go was  an  early  symptom  and  had  persisted  for  five  years. 
Gushing  has  noted  the  frequent  presence  of  nystagmus,  vertigo 
and  incoordination  in  patients  with  temporal  lobe  lesions. 

Whatever  its  location,  this  vestibular  center  is  to  be  regarded 
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simply  as  the  cerebral  terminus  for  the  reception  of  vestibular 
impulses— hence  a  sensory  center.     It  is  not  an  "equilibratory 
center."     Equilibration  is  a  complex  motor  process.     (Exhibit 
F.,  moving  pictures  of  cats.) 
Question: 

Do  the  impulses  from  the  internal  ear,  producing  a  sense  of 
movement,    pass    through    the    cerebellum    en    route    to    the 
cerebrum? 
Against: 

1.  So  far  as  known,  none  of  the  other  sensory  pathways 
pass  through  the  cerebellum.  The  visual  and  olfactory  path- 
ways enter  the  cerebrum  above  the  brain-stem.  Those  of 
tactile,  heat,  cold,  pain,  pressure,  kinesthetic,  auditory  and  gus- 
tatory sensations,  enter  the  cerebrum  directly  by  way  of  the 
brain-stem.  Lesions  of  the  cerebelkun  are  never  characterized 
by  any  loss  or  any  impairment  of  these  sensations.  If,  as 
expressed  above  we  consider  that  the  impulses  producing  a 
sense  of  movement  reach  the  cerebrum,  from  analogy  of  the 
other  sensory  pathways  it  would  seem  improbable  that  the  ves- 
tibular impulses  traverse  the  cerebellum. 

2.  Although  fibres  have  been  traced  from  the  vestibular 
Nerve  into  the  cerebellum,  these  may  be  accounted  for  as  path- 
ways concerned  with  functions  not  reaching  consciousness.  We 
have  an  analogy  in  the  direct  cerebellar  tracts  of  the  spinal 
cord,  which  enter  the  cerebellum  via  the  inferior  peduncles, 
according  to  the  generally  accepted  view,  these  tracts,  although 
they  carry  afiferent  impulses,  are  not  concerned  with  sensations 
in  consciousness.  It  would  seem  probable  that  the  vestibulo- 
cerebellar fibres,  like  the  direct  cerebellar  tracts,  do  not  convey 
impulses  concerned  with  the  sense  of  movement,  but  constitute 
the  afferent  pathways  for  impulses  to  the  cerebellum,  resulting 
in  coordinations  of  an  automatic  nature. 

In  consideration  of  these  analogies,  it  might  be  inferred  that 
the  pathways  conveying  the  impulses  for  the  production  of 
conscious  sensations  of  motion  from  vestibular  stimulation 
probably  pass  through  the  brain-stem,  without  any  cerebellar 
connections. 
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For: 

1.  As  before  stated,  fibres  have  been  demonstrated  to  con- 
tinue from  the  vestibular  nerve  into  the  cerebeUum.  Fibers 
liave  also  been  traced  from  the  cerebellum  into  the  cerebrum. 
These  fibers  traverse  the  superior  cerebellar  peduncles  and  dec- 
ussate in  the  brachium  conjunctivum.  This  arrangement  would 
seem  to  furnish  an  anatomic  basis  for  the  theory  that  vestibular 
impulses  pass  through  the  cerebellum  en  route  to  the  cerebrum. 

2.  Each  case  of  proven  cerebellar  lesion  that  we  have  ex- 
amined, has  shown  impaired  or  absent  sensory  responses  from 
ear-stimulation.  The  experience  of  many  others  has  corrobor- 
ated this  observation. 

Resume: 

It  would  seem  unquestioned  that  motion-sense  impulses  from 
the  ear  do  reach  the  cerebral  cortex.  The  location  of  the  cor- 
tical center  is  not  known ;  the  only  evidence  that  has  been  pre- 
sented indicates  its  location  in  the  temporal  lobe.  Although  it 
is  by  no  means  proven,  such  evidence  as  is  available  suggests 
that  these  impulses  traverse  the  cerebellum  enroute  to  the  cere- 
brum. 

Cerebello-Pontile  A.vgle  Tum.or   Phenomenon-Complex 

During  the  past  six  years  we  have  observed  the  following 
jihenomena  in  cases  of  angle  tumor : 

1.  On  the  side  of  the  tumor,  a  loss  of  auditory  and  vestibu- 
lar function. 

2.  On  the  opposite  side,  normal  auditory  function,  normal 
responses  from  the  horizontal  canal,  but  absence  of  responses 
from  the  vertical  canals. 

In  brief,  neuro-otologic  examination  showed  a  loss  of  func- 
tion on  both  sides  except  the  cochlea  and  horizontal  canal  of  the 
ear  opposite  the  tumor. 

In  some  cases,  during  the  early  period  of  development  of  the 
tumor,  we  noted  merely  the  auditory  and  vestibular  loss  of 
function  on  the  same  side.     In  the  course  of  weeks  or  months, 
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one    or    more    of    the    following    additional    phenomena    were 
elicited : 

1.  The  impairment  and  later,  loss  of  responses  from  the 
vertical  canals  on  the  opposite  side. 

2.  A  spontaneous  vertical  nystagmus  has  been  frequently 
observed.  In  certain  cases,  this  vertical  nystagmus  was  not 
observed  on  first  examination  but  appeared  after  an  interval. 
After  such  a  case  has  once  shown  spontane- vertical  nystagmus, 
we  have  never  observed  it  to  disappear,  although  we  have  noted 
variations  in  the  amplitude  of  this  verticular  nystagmus. 

3.  In  some  cases,  which  had  shown  the  complete  phenome- 
non-complex, the  horizontal  canal  on  the  opposite  side  had  pro- 
duced entirely  normal  nystagmus,  vertigo  and  past-pointing. 
In  other  cases,  during  the  early  period  of  development  of  the 
tumor,  the  horizontal  canal  of  the  opposite  side  has  shown  nor- 
mal nystagmus,  but  after  an  interval  has  produced  perverted 
nystagmus. 

4.  In  cases  of  well-advanced  growth  in  the  angle,  we  have 
observed  abnormalities  in  past-pointing.  This  has  been  ob- 
served in  a  spontaneous  past-pointing,  and  also  in  an  absence 
or  the  impairment  of  past-pointing  after  ear-stimulation.  In 
some  cases,  we  have  noted  that  we  have  termed  a  "crossed  past- 
pointing;"  both  arms  would  past-point  inward,  or,  both  arms 
would  past-point  outward  or,  both  arms  would  past-point  out- 
ward, regardless  of  the  type  of  stimulation.  For  example,  the 
patient  would  jjast-point  inward  with  both  arms,  regardless  of 
w^hether  he  had  been  turned  to  the  right  or  to  the  left. 

It  is  difficult  to  interpret  this  phenomenon.  In  fact,  our 
own  experience  has  led  us  to  draw  no  conclusions  on  the  basis 
of  abnormal  past-pointing  alone.  Abnormalities  in  past-point- 
ing have  been  observed  in  cases  of  cerebral  lesion,  as  well  as 
lesions  within  the  posterior  fossa ;  furthermore,  we  observed 
normal  past-pointing  in  a  patient  who  proved  to  have  a  cere- 
bellar tumor.  Although  abnormalities  in  past-pointing  do  not 
appear,  per  se,  to  have  anything  approaching  an  exact  signifi- 
cance or  to  furnish  direct  evidence  in  intracranial  localization. 
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it  would  seem  wise,  however,  to  make  careful  tests  of  the  past- 
pointing  in  all  intracranial  cases ;  abnormalities  in  past-pointing 
can  at  times  be  of  distant  value  when  correlated  with  other 
phenomena. 

This  phenomenon-complex  has  been  observed  and  corrobor- 
ated by  many  others  in  this  country.  However,  we  have  no 
knowledge  of  its  recognition  in  other  countries.  The  only  ex- 
planation of  this  phenomenon-complex  would  appear  to  be  as 
follows : 

1.  The  tumor  destroys  the  function  of  the  VIII  Nerve  on 
the  same  side  by  direct  involvement  of  the  VIII  Nerve. 

2.  The  isolated  loss  of  responses  from  the  vertical  canals  of 
the  opposite  side ;  the  occurrence  of  spontaneous  vertical  nystag- 
mus ;  the  occurrence  of  perverted  nystagmus  on  stimulation  of 
the  opjjosite  horizontal  canal ;  the  abnormalties  of  past-pointing 
— all  of  these  phenomena  would  appear  to  be  caused  by  pres- 
sure of  the  tumor  upon  the  pons. 

Cautions: 

Experience  has  demonstrated  the  need  of  caution  in  drawing 
conclusions  in  cases  of  suspected  angle  tumors.  The  number 
of  cases  of  cerebello-ix)ntile  angle  tumors,  carefully  studied 
by  neuro-otologic  tests,  is  insufficient  to  establish  a  complete 
working  basis  for  interpretations. 

We  have  recently  studied  a  case,  (Jesse  Smith,  Exhibit  G.), 
which  shows  that  other  ])athology  than  tumor  can  produce  cer- 
tain otologic  phenomena  of  angle  lesion.  Jesse  Smith  showed 
involvement  of  the  III,  IV,  V,  VII  and  VIII  Nerves,  all  on 
the  right  side.  Ear  tests  showed  complete  loss  of  function  in 
the  right  ear — both  auditory  and  vestibular.  Five  days  after 
the  first  examination,  auditory  function  began  to  return;  with- 
in two  weeks,  under  our  direct  observation,  instead  of  complete 
deafness  in  the  right  ear,  there  was  such  a  complete  restoration 
of  hearing  that  he  was  able  to  hear  a  faint  whisper,  with  the 
noise  apparatus  in  the  left  ear.  The  caloric  test  also  demon- 
strated the  return  of  vestibular  function.  The  vestibular  func- 
tion also  returned  within  a  period  of  two  weeks.  The  facial 
paralysis  also  disappeared.     The  neurologic  diagnosis  was  mul- 
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tiple  sclerosis.  In  this  case  it  is  to  be  noted,  however,  that  there 
was  no  impairment  of  responses  from  the  vertical  canals  of  the 
opposite  side. 

In  the  earlier  stages  of  angle  tumors,  the  phenomenon-com- 
plex is  incomplete.  Most  assuredly,  a  diagnosis  of  angle  tumor 
is  not  to  be  made,  based  only  upon  abnormal  or  absent  responses 
from  the  one  ear.  Given,  however,  a  picture  of  absent  audi- 
tory and  vestibular  function  in  one  ear ;  impairment  or  per- 
version of  responses  from  the  opposite  ear,  with  normal  audi- 
tory function  in  the  opposite  ear — we  have  data  indicating  in- 
volvement of  the  angle. 

Even  under  these  circumstances,  however,  one  cannot  state 
that  there  exists  a  tumor  which  is  confined  to  the  VIII  Nerve 
and  is  probably  removable.  We  have  seen  this  phenomenon- 
complex  in  tumor  of  the  pons  and  tumor  of  the  lateral  cere- 
bellar hemisphere,  invading  the  angle. 

It  is  occasionally  possible  to  draw  valuable  inferences  from 
the  history  of  such  a  case.  If,  over  a  considerable  period,  all 
the  symptoms  have  been  of  the  type  referable  to  VIII  Nerve 
involvement,  and  then  there  begin  to  appear  the  absence  of 
vertical  canals  responses  on  the  opposite  side  and  other  phe- 
nomena of  brain-stem  involvement,  we  are  justified  in  stating 
that  the  evidence  makes  probable  a  true  neuroma  of  the  VIII 
Nerve.      (Miss  Buchart,  Exhibit  H). 

The  first  symptoms  of  angle  tumor  are  frequently  those 
referable  to  functions  of  the  VIII  Nerve;  often  it  is  the  otologist 
who  is  first  consulted  by  patients  with  this  lesion.  While  the 
diagnosis  of  angle  tumor  is  not  dependent  upon  neuro-otologic 
information,  this  phenomenon-complex  has  been  observed  so 
frequently  in  proven  cases  that  its  presence  may  now  be  re- 
garded as  a  valuable  diagnostic  sign. 

Neuraxial    Differentiation    of    the    Fibres    From    the 

Horizontal  Canal  and  the  Fibres  from  the 

Vertical  Canals. 

Before  discussing  this  problem,  it  is  necessary  to  state  ex- 
actly what  is  meant  by  this  neuraxial  diflferentiation.     Our  con- 
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ception  of  this  differentiation  is  that  there  is  a  divergence  of 
vestibular  fibres  within  the  brain-stem,  in  such  a  manner  that 
the  fibres  in  relation  to  the  vertical  canals  are  separated  by 
appreciable  distance  from  those  in  relation  to  the  horizontal 
canal. 

This  separation  is  considered  to  be  sufficient  to  permit  macro- 
scopic lesions  to  exert  a  selective  effect  upon  one  set  of  fibres 
and  not  upon  the  other. 

Here  it  should  be  noted  that  the  various  vestibular  responses 
have  generally  been  described  in  terms  of  the  semicircular 
canals,  without  recognition  of  the  probable  cooperation  of  the 
otolith  organs  of  the  utricle  and  the  saccule  in  the  production 
of  these  responses.  The  work  of  Maxwell  has  made  clear  that 
the  utricle  is  a  definite  factor  in  the  production  of  reflex  ocular 
movements;  we  should  always  bear  in  mind  the  probability  of 
the  participation  of  the  otoliths  of  the  utricle  and  saccule,  to  a 
■greater  or  less  extent,  in  the  registration  of  movement  in  any 
plane.  Therefore,  although  we  are  unable  to  estimate  the  exact 
relationship  of  the  different  nerve  receptors,  and  consequently, 
for  convenience,  speak  in  terms  of  the  semicircular  canals,  yet 
we  should  not  lose  sight  of  the  part  that  may  be  played  by  the 
otolith  organs. 

Question: 

After  entering  the  brain  stem,  do  the  fibres  from  the  horizon- 
tal canal  pursue  a  different  course  from  those  conveying  im- 
pulses from  the  vertical  canals? 

Against: 

1.  No  histologic  proof  of  these  separate  pathways  has  been 
furnished.  There  are  many  vestibular  pathways  which  have 
been  traced  histologically : 

(a)  Fibers  from  the  vestibular  portion  of  the  VIII  Nerve 
have  been  traced  to  the  so-called  vestibular  nuclei  in  the  brain- 
stem— the  Deiters',  Bechertow  and  Triangular  Nuclei.  These 
nuclei  occupy  an  area  of  considerable  size  and  extent  through- 
out the  lower  portion  of  the  pons  and  the  upper  portion  of  the 
medulla  oblongata. 
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(b)  Fibers  from  the  vestibular  portion  of  the  VIII  Nerve 
have  been  traced  into  the  cerebelUmi  without  interruption. 

(c)  Fibers  from  the  vestibular  nuclei,  by  association  and 
commisural  pathways,  have  been  traced  in  various  directions, 
to  the  posterior  longitudinal  bundles,  into  the  spinal  cord  and  the 
corpora  quadrigemina,  of  both  the  same  and  opposite  sides. 

All  that  is  known  of  these  nuclei  and  fiber  tracts  within 
the  brain-stem  and  cerebellum,  is  that  they  bear  some 
relation  to  the  vestibular  portion  of  the  VIII  Nerve.  No 
nucleus  or  separate  fiber  tract  has  been  identified  as  being 
in  relation  with  the  utricle  or  saccule  or  any  semicircular 
canal. 

2.  Funtional  dififerentiation  of  fibers  does  not  necessari- 
ly imply  a  divergence  of  their  anatomic  course.  Pathologic 
processes  may  involve  certain  fibers,  while  others  in  close 
proximity  escape.  This  may  occur  even  within  a  nerve 
trunk,  as  in  degeneration  of  the  papillo-muscular  bundle  of 
the  optic  nerve.  The  destruction  of  this  particular  bundle 
of  fibers  within  the  optic  nerve  has  been  histologically 
demonstrated  in  patients  who  have  shown  blindness  of  the 
central  portion  of  the  visual  field.  A  similar  selective 
process  may  occur  within  the  VlII  Nerve ;  it  is  not  a  rare 
observation  that  in  a  neuritis  of  the  VIII  Nerve,  as  in 
syphilis,  the  cochlear  portion  may  be  affected  and  the  vesti- 
bular portion  not  affected,  and  vice  versa.  It  requires  no 
stress  of  the  imagination  to  conceive  that  within  the  VIII 
Nerve  there  may  be  an  involvement  of  the  particular  fibers 
in  relation  to  one  semicircular  canal,  without  the  involve- 
ment of  the  rest  of  the  nerve.  Similarly,  at  any  point 
throughout  their  intracranial  course,  it  would  seem  that  a 
pathologic  process  might  affect  certain  fibers  without 
affecting  those  even  immediately  adjacent. 

3.  The  only  evidence  in  favor  of  separate  pathways 
from  the  different  canals  has  been  the  clinico-pathologic. 
In  the  experience  of  all  who  have  made  vestibular  tests  of 
intracranial  cases,  it  has  been  the  vertical  canals  that  have 
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shown  impairment  far  more  than  the  horizontal  canals. 
The  non-response  of  the  vertical  canals  should  not  be  re- 
garded as  conclusive  evidence  that  the  vertical  canals  fibers 
aie  widely  separated  from  the  horizontal  canal  libers.  I't 
would  seem  reasonable  to  consider  that  the  vertical  canals 
fibers  may  be  less  resistant ;  the  horizontal  canal  mechan- 
ism is  the  more  active,  the  more  frequently  used,  and  un- 
questionably the  more  primitive.  It  would  seem  that  the 
horizontal  canal  mechanism  might  be  more  resistant,  be- 
cause of  its  being  more  firmly  established  in  function  than 
that  of  the  vertical  canals. 

For: 

1.  The  conception  of  separate  neuraxial  pathways  from 
the  different  canals  was  advanced  in  1916,  on  the  following 
data: 

In  a  series  of  cases  with  intracranial  lesions,  in  which 
the  labyrinth  and  VIII  Nerves  were  normal,  the  vertical 
canals  failed  to  produce  responses. 

These  cases  included  lesions  of  the  pons,  angle  tumors 
pressing  against  the  pons,  cerebellar  lesions  causing  press- 
ure against  the  pons,  absence  of  the  IV  Ventricle  and  internal 
hydrocephalus  with  pressure  within  the  IV  Ventricle. 

These  cases  suggested  the  following: 

If  the  lesions  involving  the  pons  caused  a  block  in  the 
responses  from  the  vertical  canals  without  impairing  the 
responses  from  the  horizontal  canal,  and  as  in  all  these 
cases  the  medulla  oblongata  was  uninvolved,  it  was  con- 
sidered probable  that  the  fibers  from  the  vertical  canals 
ascended  into  the  pons,  probably  close  to  the  floor  of  the 
IV  Ventricle,  whereas  the  fibers  from  the  horizontal  canal 
presumably  traversed  the  medulla  oblongata. 

Confirming  this  viewpoint  were  the  findings  in  the  case 
of  thrombosis  of  the  posterior  inferior  cerebellar  artery ; 
all  responses  from  all  canals  were  normal,  except  that  the 
right  horizontal  canal  failed  to  produce  vertigo  and  past- 
pointing. 

This  lesion,  thus  involving  a  portion  of  the  horizontal 
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canal  pathways,  is  known  to  involve  the  right  side  of  the 
medulla  oblongata  in  the  region  of  the  right  inferior  cere- 
bellar peduncle. 

2.  Much  confirmatory  evidence  of  the  same  character  as 
the  above  has  accumulated.  Eagleton  had  previously  noted 
that  in  cases  of  angle  tumors,  the  caloric  test  from  the 
opposite  ear  gave  negative  responses ;  later,  Eagleton  and 
others,  observed  that  in  such  cases,  when  the  head  was 
tilted  backwards  sixty  degrees  stimulating  the  horizontal 
canal,  the  responses  came  through. 

It  is  now  a  common  observation  that  there  is  a  non- 
response  of  the  vertical  canals  in  lesions  of  the  posterior 
fossa  involving  the  brain-stem  by  infiltration  or  pressure. 
Few  cases,  however,  have  been  seen  in  which  the  horizontal 
canal  showed  no  response,  while  the  vertical  canals  show- 
normal  responses. 

3.  We  have  recently  seen  two  cases,  which,  however, 
have  not  been  confirmed  by  necropsy,  in  each  of  which  the 
left  horizontal  canal  failed  to  produce  responses,  whereas 
the  responses  from  all  of  the  other  semicircular  canals 
were  normal. 

4.  Although  no  histologic  demonstration  has  been  made 
of  separate  pathways  from  the  different  nerve  receptors 
in  the  end-organ,  yet  there  is  evidence  that  the  vestibular 
nerve  fibers  spread  out  to  be  distributed  to  the  vestibular 
nuclei.  The  fibers  from  the  vestibular  portion  of  the  VIII 
Nerve  are  for  the  most  part  interrupted  in  these  nuclei, 
within  a  short  distance  from  their  entry  into  the  brain-stem. 
They  enter  the  brain-stem  as  a  compact  bundle,  but  their 
nuclear  connections  require  a  physical  separation  of  all  the 
fibers,  preliminary  to  their  termination.  Complete  ulti- 
mate physical  dissociation  of  all  these  fibers  must  be  accom- 
plished, since  each  fiber  has  its  definite  destination  in  the 
vestibular  nuclei,  different  from  all  others.  These  nuclei  cover 
a  large  area;  they  involve  the  lower  portions  of  the  pons 
and     the     upper     portion     of     the     medulla     oblongata     and 
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extend  from  the  lateral  aspect  of  the  brain-stem  well  over 
toward  the  median  line.  Without  speculation  as  to  the 
ultimate  course  or  destination  of  the  neurons  from  the  var- 
ious portions  of  these  extensive  vestibular  nuclei,  -the 
physical  separation  of  cell-groups  in  these  nuclei — regarded 
as  representing  end -organ  units — would  in  itself  con- 
stitute a  neuraxial  differentiation  of  sufficient  degree  to 
answer  the  requirements  of  the  concept  given  in  the  ques- 
tion. 

Resume: 

While  much  remains  to  be  learned  of  the  intramedullary 
pathways  and  connections  of  the  vestibular  fibers,  the  evi- 
dence indicates  that  there  is  an  appreciable  separation  of 
the  neuraxial  pathways  of  the  fibers  in  relation  to  the 
horizontal  canal  and  of  the  fibers  in  relation  to  the  vertical 
canals. 

V.    Summary 
Theoretical: 

1.  The  available  evidence  suggests  that  the  cortical  area 
for  the  reception  of  impulses  from  the  vestibular  end-organ, 
is  located  in  the  temporal  lobe  in  each  hemisphere. 

2.  Different  cell-groups  within  the  vestibular  nuclei 
represent  the  different  physical  units  of  the  end-organ. 

It  is  Probable: 

1.  That  the  otoliths  and  the  cristae  of  the  semicircular 
canals  cooperate  in  function. 

2.  That  the  vestibular  fibers  are  not  distributed  to  the 
peripheral  motor  neurons,  but  to  the  neurons  of  the  ocular 
coordinating  mechanism. 

3.  That  the  quick  component  of  vestibular  nystagmus 
can  be  produced  by  a  lower  mechanism,  without  impulses 
from  the  cerebrum. 
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4.  That  the  impulses  from  the  internal  ear,  producing  a 
sense  of  movement,  pass  through  the  cerebellum  enroute 
to  the  cerebrum. 

Reasonably  Proven  :     To  be  relied  on  in  clinical  work. 

1.  There  is  a  cerebral  cortical  center  for  hearing. 

2.  This  center  is  reasonably  proven  to  be  in  the  temporal 
lobe.  Also  that  each  ear  is  in  relation  to  the  temporal  lobe  of 
each  hemisphere. 

3.  Capillarity  does  not  prevent  endolymph  movement  with- 
in the  semicircular  canals. 

4.  There  is  a  coordinating  mechanism  for  ocular  movement 
within  the  brain-stem. 

5.  Spontaneous  vertical  nystagmus,  in  patients  who  have 
other  symptoms  of  intracranial  lesion,  indicates  that  the  lesion 
is  located  within  or  adjacent  to  the  brain-stem. 

6.  Perverted  nystagmus  after  ear  stimulation  is  indicative 
of  involvement  of  the  brain-stem. 

7.  Motion-sensing  impulses  from  the  end-organ,  are  con- 
veyed to  the  cerebral  cortex. 

8.  Tumors  of  the  cerebello-pontile  angle  frequently  show  a 
typical  neuro-otologic  phenomenon-complex, 

9.  There  is  an  appreciable  separation  of  the  neuraxial  path- 
ways of  the  fibers  in  relation  to  the  horizontal  canal  and  of  the 
fibers  in  relation  to  the  vertical  canals. 
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Discussion. 

Dr.  Ernest  Sachs.  St.  Louis,  Mo.  When  the  Barany  tests 
were  first  described,  I  welcomed  them  as  a  new  method  of 
precision  to  help  us  in  localizing  cerebral  lesions.  As  is 
the  case  with  almost  every  new  method,  sober  second 
thoug-ht  has  modified  what  was  at  first  claimed  for  them. 
In  fact,  there  was  a  period  from  which  we  are  now 
emerging  during  which  the  pendulum  swung  the  other 
way  and  now  it  has  become  somewhat  stabilized. 

These  tests  have  interested  me  from  two  points  of  view, 
first,  their  value  in  helping,  us  to  localize  a  lesion  with 
greater  accuracy,  and  secondly,  from  a  physiological 
standpoint. 

I  have  had  Barany  tests  done  on  forty-one  cases  of 
suspected  brain  tumors.  All  these  tests  were  made  by  Dr. 
H.  W.  Lyman.  I  can  only  speak  of  the  value  of  these  tests 
to  me  personally.  I  find  I  must  differentiate  between  what 
is  of  real  value  in  locating  a  lesion  and  what  is  purely  of 
scientific  interest.  In  one  of  these  forty-one  cases  the 
Barany  tests  gave  information  pointing  to  an  intracranial 
lesion  which  was  not  suggested  by  any  other  clinical  signs 
but  that  patient  was  lost  sight  of  so  that  we  had  no  confir- 
mation on  that  case.  There  have  been  several  cases  in 
which  the  Barany  tests  were  normal  and  in  which  no  tumor 
was  revealed  at  operation.  At  least  one  of  these  died  but 
we  were  unable  to  get  an  autopsy  to  check  up  our  findings. 
In  every  case  of  tumor  of  the  posterior  fossa  confirmed 
by  operation  or  autopsy  the  Barany  tests  have  shown 
abnormalities.  They  have,  however,  led  to  confusion  due 
to  the  fact  that  increased  intracranial  pressure  may  cause 
pressure  on  the  pons  and  medulla  thus  interfering  with 
the  nervous  mechanism  by  which  these  phenomena  are 
carried  out  so  that  certain  normal  vestibular  reactions  are 
absent.     It  is,  however,  I  believe  practically  impossible  to 
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determine  whether  the  involvement  of  the  pons  and  medulla 
is  due  to  pressure  or  due  to  involvement  by  a  tumor.  Dr. 
Lyman  has  made  the  point  that  bilateral  absence  of  pontine 
reactions  is  much  more  likely  to  occur  with  internal  hydro- 
cephalus'than  unilateral  and  I  think  this  is  a  very  valuable 
observation.  But  I  would  like  to  point  out  that  pressure 
symptoms  may  arise  from  an  internal  hydrocephalus  or 
from  pressure  by  a  tumor  and  yet  in  neither  case  does  it 
mean  actual  involvement  by  the  growth.  To  the  neurolo- 
gical surgeon  who  has  to  treat  these  cases,  this  point  is 
of  vital  importance.  In  the  hope  of  throwing  more  light 
on  the  subject  I  carried  out  an  experimental  study  with 
Dr.  B.  Y.  Alvis.  As  happens  in  so  many  researches,  some 
of  the  points  one  hopes  to  throw  light  on  and  is  most 
anxious  to  determine  are  not  cleared  up,  and  others  which 
one  did  not  think  of  come  to  light. 

The  vestibular  nerve  ends  in  three  nuclei,  Nucleus  of 
Deiters,  Von  Bechterew  and  Nucleus  Magno-cellularis.  I 
believed  and  still  do  that  since  there  were  three  semicircular 
canals  and  three  nuclei,  probably  each  nucleus  controlled 
one  canal.  We  tried  to  get  evidence  on  this  point  but  failed. 
We  did,  however,  show  that  no  fibres  pass  from  any  vesti- 
bular nuclei  to  the  lateral  lobes  of  the  cerebellum.  We  also 
were  unable  to  find  any  fibres  passing  from  the  vestibular 
nuclei  to  the  nuclei  controlling  the  eye  muscles. 

The  vestibular  fibres  lie  so  close  to  the  floor  of  the  fourth 
ventricle  and  around  the  aqueduct  of  Sylvius  that  any 
dilation  of  the  aqueduct  would  cause  pressure  on  these 
fibres.  The  Barany  tests  are  most  frequently  abnormal  in 
lesions  of  the  posterior  fossa.  Tumors  of  the  posterior 
fossa  in  the  vast  majority  of  cases,  fully  90%  of 
the  cases  and  probably  even  more  have  an  associated 
internal  hydrocephalus.  It  is  this  internal  hydrocephalus 
which  is  of  the  obstructive  type  which  is  responsible  for 
the  disturbed  Barany  tests  and  this  is  the  reason  in  my 
opinion  why  so  frequently  we  get  the  report  involvement 
of  the  pons. 
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If  these  facts  are  correct  and  I  believe  they  are,  the 
questions  of  greatest  interest  are  these: 

1st.  Of  how  much  value  are  the  Barany  tests  for  pur- 
poses of  accurate  localization? 

2nd.  Do  the  Barany  tests  enable  us  to  recognize  a  lesion 
before  there  are  other  evidences  of  an  intracranial  tumor? 

3rd.  What  place  in  our  diagnostic  work  shall  we  accord 
the  Barany  tests? 

My  own  answers  to  these  questions  are  briefly  as  follows  : 

The  Barany  tests  enable  us  to  establish  that  a  lesion  is  in 
the  posterior  fossa.  These  tests  may  indicate  if  a  lesion 
is  solely  in  the  cerebellum  but  finding  involvement  of  the 
pons  does  not  necessarily  indicate  that  the  lesion  has 
actually  involved  the  pons  since  pontine  involvement  may 
be  produced  by  an  internal  hydrocephalus  or  by  increased 
intracranial  pressure. 

I  have  seen  but  one  case  in  which  the  diagnosis  of  a 
posterior  fossa  lesion  was  made  when  all  other  neurological 
symptoms  were  absent  and  this  case  was  never  confirmed. 
It  may  be  if  we  saw  more  very  early  cases,  the  Barany 
tests  would  show  abnormalities  before  any  other  neurolo- 
gical signs  are  recognizable.  I  understand  that  Dr.  Fischer 
in  Philadelphia  has  had  a  number  of  such  cases.  Based  on 
my  own  experience  it  seems  to  me  that  the  Barany  tests 
are  of  value  as  confirming  our  diagnosis  based  on  other 
findings  bui.  they  do  not  enable  us  to  locate  lesions  with 
great  accuracy.  The  one  exception  to  this  statement  may 
be  in  the  case  of  tumors  located  in  the  cerebello-pontine 
angle  for  which  Drs.  Jones  and  Fischer  have  described 
a  very  characteristic  symptom  complex. 

Particular  care  must  be  exercised  in  interpreting  the 
significance  of  pontine  involvement.  I  doubt  whether  we 
are  ever  justified  in  deciding  that  a  given  lesion  is  inoperable 
because  these  tests  indicate  that  the  pons  is  involved. 

Professor  H.  C.  Bazett,  Philadelphia,  Pa. :  I  am  very 
appreciative  of  the  honor  of  being  asked  to  discuss  this 
presentation.      My   point   of   view   is   based   on   the   more 
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scientific  aspect  of  the  question,  but  I  think  the  scientists 
and  clinicians  have  common  objects.  Dr.  Sachs's  remarks 
were  very  interesting.  That  internal  hydrocephalus  causes 
blocking  of  these  tracts  is  not  only  of  clinical  importance 
but  of  scientific  interest,  so  that  the  fields  of  the  scientist 
and  clinician  overlap  to  a  large  extent. 

I  would  like  to  congratulate  the  readers  of  the  paper  on 
their  well  balanced  outlook  in  comparing  clinical  evidence 
with  experimental  work.  I  agree  that  it  is  difficult  to  get 
any  experimental  evidence  with  small  discreet  lesions,  but 
we  can  make  big  lesions  in  various  positions  and  see  how 
the  symptoms  of  the  animals  differ  afterwards.  Perhaps 
the  clinician  is  liable  to  criticism  often  for  not  reporting 
pathological  .  conditions  in  sufficient  detail ;  it  must  be 
recognized  that  a  minute  difference  in  the  position  of  a 
lesion  may  make  a  great  contrast  in  the  physiological 
reaction.  I  have  been  working  with  decerebrate  cats  in 
which  everything  has  been  removed  above  the  tentorium. 
There  is  often  a  reflex  response  to  sounds ;  wagging  of 
the  tail  is  seen  and  often  after  the  third  day  they  lift  their 
head  to  one  side  in  reacting  to  sounds.  It  is  of  some 
importance  for  the  neurologist  and  otologist  to  recognize 
that,  in  animals  at  least,  movements  may  be  made  in 
reactions  to  sounds  quite  apart  from  consciousness.  But 
this  reaction  which  is  seen  if  the  section  passes  from  the 
anterior  margin  of  the  superior  colliculi  to  emerge  ventrally 
two  mm.  in  front  of  the  pons  is  not  seen  if  the  section 
passes  two  mm.  posterior  to  this  on  the  ventral  side  (i.  e. 
to  the  anterior  border  of  the  pons)  :  similarly  the  reaction 
is  seen  if  the  section  goes  from  the  middle  of  the  posterior 
colliculi  to  two  mm.  in  front  of  the  pons,  but  is  not  seen  if 
it  passes  from  the  posterior  edge  of  the  inferior  colliculi 
to  two  mm.  in  front  of  the  pons.  Consequently,  it  is  a 
question  of  millimeters  but  it  is  possible  to  localize  the 
upper  limit  anatomically  if  the  reflexes  are  concerned.  By 
an  exact  recording  of  different  lesions  and  the  accom- 
panying symptoms  it  should  be  therefore  possible  to  arrive 
at  exact  localization.    But  if  the  clinician  may  be  sometimes 
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criticised  for  a  neglect  to  make  a  sufficiently  accurate 
autopsy,  the  experimental  workers  are  generally  liable  to 
much  severer  criticism  in  that  they  often  examine  their 
animals  from  one  standpoint  only,  and  in  particular  they 
have  usually  neglected  to  make  vestibular  tests. 

Turning  to  the  more  definite  problem  o'f  Physiology  ir 
relation  to  the  auditory  tracts,  it  is  difficult  to  destroy 
experimentally  all  the  auditory  paths,  showing  a  strong 
similarity  with  clinical  findings.  A  description  has  been 
recently  given  by  de  Barenne^^^  of  a  cat  in  which  the 
whole  cerebrum  had  been  removed  except  the  archipallium 
(the  olfactory  area),  though  there  was  possibly  a  minute 
amount  of  the  auditory  area  left.  The  internal  geniculate 
bodies  and  the  geniculate  temporal  tracts  which  are  sup- 
posed to  carry  all  auditory  sensations  to  the  cerebrum  were 
found  on  autopsy  to  be  completely  degenerated,  and  yet 
the  animal  while  alive  was  not  only  able  to  hear  but  was 
able  to  localize  sounds  and  would  go  towards  anyone  who 
whistled.  The  possibility  of  other  tracts  being  in  exis- 
tance  besides  those  usually  described  must  therefore  be 
considered. 

In  regard  to  the  labyrinth  nystagmus  tests  have  been 
rather  neglected  by  the  experimental  worker.  Magnus 
^^^  has  thrown  a  certain  amount  of  criticism  on  the  use  of 
nystagmus  after  turning  as  a  test  of  labyrinthine  function 
on  the  ground  that  the  mechanisms  involved  extend  over 
a  large  portion  of  the  brain.  The  centers  involved  must 
obviously  extend  at  least  from  the  nucleus  of  the  third 
nerve  to  the  nucleus  of  the  eighth  nerve.  In  consequence, 
he  has  tried  other  methods  of  approach,  utilizing  his  posi- 
tion reflexes  and  also  the  effect  of  turning  on  movements 
of  the  neck,  since  animals  often  show  a  jerky  movement 
of  the  whole  head  and  neck  similar  to  the  eye  nystagmus 
and  in  the  same  direction.  He  found  in  rabbits  that  if  the 
cerebrum  was  removed  and  the  brain  stem  cut  below  the 
pons   but   in    front   of   the    trapezoid  body   you   can   get   a 

(1)  Barenne  de-Arch.  Neerland.  de  Phvsiol.  1919,  4,  p.  31. 

(2)  Magnus-Arch,   fur  die  ges.     Physiol.     1916,   163,  405. 

de  Kleign  and  Magnus-Miinch.  med.  Woch.  1919,  20,  523. 
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normaltype  of  neck  nystagmus  on  turning.  This  is  true 
also  even  after  the  removal  of  the  cerebellum.  He  also 
considered  that  in  rabbits  perfectly  normal  eye  nystagmus 
(for  these  animals)  could  be  attained  when  the  cerebrum 
and  thalamus  had  been  removed  but  where  the  mid-brain 
had  been  left  intact.  Consequently,  he  considered  that  the 
nystagmus  depends  on  the  interraction  of  stimuli  from 
the  eighth  nerve  and  its  centers  with  others  from  muscles 
of  the  neck  or  the  eye  and  that  these  are  the  only  factors 
required.  This  disappearance  of  the  nystagmus  with  sec- 
tions in  the  region  of  the  pons  or  higher  he  considers  to 
be  caused  by  the  cutting  ofif  of  the  connections  with  the 
eye  nuclei.  While  nystagmus  may  then  be  regarded  as  an 
alternation  in  balance  between  labyrinthine  sensations  and 
muscular  sensations  and  may  be  compared,  as  has  been 
done,  with  a  reflex  such  as  the  scratch  reflex  it  must  be 
remembered  as  Dr.  Wilson  has  pointed  out  to  me,  that  all 
nystagmus  is  not  necessarily  of  the  same  character. 
Scratch  reflexes  for  instance  are  well  seen  in  a  spinal  animal, 
are  much  more  difficult  to  obtain  in  a  decerebrate  prepara- 
tion, but  if  obtained  much  more  complicated  reactions  may 
be  seen  in  the  decerebrate  than  in  the  spinal  animal. 

The  absence  of  degeneration  extending  to  the  cranial 
nerve  nuclei  after  section  of  the  eighth  nerve  is  not  sur- 
prising. It  is  very  probable  that  several  neurones  may  be 
concerned  in  such  reflexes.  It  should  be  noticed  for  instance 
that  Simpson^^^  has  described  degeneration  of  the  pyra- 
midal tracts  as  extending  not  into  the  anterior  horns  but 
into  the  posterior  in  the  spinal  cord,  while  in  the  Ijrain 
stem  he  found  the  fibres  ended  not  in  the  eye  muscle  nuclei 
but  among  the  cells  of  the  formatio  reticularis. 

One  other  point  I  should  like  to  make.  I  do  not  think 
that  the  sensory  center  for  the  labyrinth  in  the  cerebrum 
will  ever  be  found.  It  is  impossible  to  think  of  any 
sensation  which  is  not  bound  up  with  labyrinthine  sensa- 
tions. The  cerebrum  seems  to  deal  with  concepts  not 
sensations,   so   that   the   occipital  lobe,   the   Rolandic   area, 

(3)     Simpson-Proc.  Scott.  Micr.  Soc.  1902,  3,  p.  158. 
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etc.  deal  not  with  simple  visual  and  muscle  sensation,  but 
with  visual  and  muscle  concepts  in  which  these  sensations 
are  combined  with  sensations  of  position,  many  of  them 
labyrinthine. 

We  have  made  our  students  recently  do  Barany  chair 
tests  and  have  questioned  them  carefully  about  their 
sensations.  When  stopped  keeping  their  eyes  shut  they 
feel  that  they  are  turning  in  the  opposite  direction  to  their 
previous  movement,  but  if  they  open  their  eyes  the  sensation 
is  reversed  and  they  feel  that  they  are  going  around  in 
the  same  direction  as  their  previous  movement.  Similarly 
if  a  student  is  turned  leaning  forward  on  opening  his  eyes 
he  seems  to  be  turning  in  the  same  way  as  he  was  previously 
turned  if  he  keeps  his  head  in  this  position,  but  if  he  raises 
his  head  to  the  vertical  position,  the  sensations  are  no 
longer  interpreted  as  turning  but  as  an  abnormality  of  the 
sense  of  the  vertical,  while  if  he  puts  his  head  right  back 
and  looks  at  the  ceiling  he  now  appears  to  be  moving  in 
the  opposite  direction  to  his  previous  turning.  With  the 
eyes  open  the  usual  sensation  is  that  the  room  is  turning  in 
the  direction  of  the  cj[uick  component  of  nystagmus.  These 
well  known  sensations  surely  indicate  that  the  cerebrum  is 
dealing  not  with  visual  sensations  but  with  concepts  com- 
bined from  retinal,  labyrinthine  and  muscular  sensations, 
so  that  it  would  seem  as  though  the  various  tracts  for 
visual  sensation,  conscious  muscle  sensation  and  skin 
sensations  all  have  a  relay  in  the  thalamus  in  order  that 
they  may  be  recombined  and  correlated  together,  and 
merged  also  with  labyrinthine  impressions,  so  that  a 
sensation  of  position  is  included  in  the  cerebral  conception. 
Such  an  analysis  of  these  sensations  therefore  makes  it 
very  improbable  that  there  is  an}'  special  area  of  the  cere- 
brum devoted  particularly  to  labyrinthine  sensations. 

Dr.  Harris  H.  Vail,  Cincinnati,  Ohio :  Obviously  it  is 
possible  to  discuss  only  a  small  portion  of  this  most  inter- 
esting and  scientific  work  on  certain  neuvo-otological 
problems. 
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Dr.  Weisenburg.  in  a  recent  article^  says  "that  perhaps 
because  of  the  war  otologists  have  learned  to  apply  the 
Barany  tests,  but  few  neurologists  have  practical  know- 
ledge of  the  tests  or  of  their  applications  in  neurological 
diagnosis,  consequently  otologists  have  been  led  to  furnish 
diagnoses  of  intracranial  lesions,  obviously  exercising  a 
function  outside  of  their  sphere..  Clearly  these  tests  should 
be  performed  by  neurologists  with  otological  training  or 
otologists  with  neurological  training." 

Apparentl}^  the  popular  conception  of  neuro-otology  is 
that  otologists  by  performing  the  so-called  Barany  rotation 
and  caloric  tests  are  able  to  make  diagnoses  of  intracranial 
lesions  by  these  tests  alone,  where  as  a  matter  of  fact  we 
all  deem  it  is  impossible  to  make  any  short  cuts  in  the 
localization  of  intracranial  lesions  and  otologists  working 
in  that  field  must  avail  themselves  of  all  the  neurological 
examinations.  Dr.  Weisenburg  apparently  sounds  a  very 
apt  warning  and  we  all  should  heed  it. 

My  own  feeling  is  that  we  should  not  attempt  to  make 
a  diagnosis  of  intracranial  lesion  by  the  rotation  and 
caloric  tests  alone.  We  should  go  through  all  the  examina- 
tions that  the  neurologist  or  neurological  surgeon  makes 
and  then  examine  our  patient  by  the  rotation  and  caloric 
tests  which  Dr.  Jones  has  put  on  such  a  standard  basis. 
If  these  latter  tests  conflict  with  the  clinical  picture  the 
best  thing  for  the  examiner  to  do  is  to  be  a  bit  cautious 
and  conservative  about  making  a  definite  diagnosis  of  intra- 
cranial lesion,  repeating  the  tests  until  the  findings  are 
constant  and  can  be  checked  up  by  any  other  observer. 
Doing  these  tests  without  anyone  to  check  up  our  findings 
is  apt  to  make  us  perhaps  a  little  prejudiced  in  our  inter- 
pretations. As.  for  example,  in  a  case  where  we  suspect 
the  presence  of  an  eighth  nerve  tumor,  knowing  that  we 
should  not  obtain  reactions  on  the  side  of  the  lesion,  in  such 
a  case  we  are  apt  to  disregard  any  ocular  movements 
observed  during  the  caloric  test  and  report  no  nystagmus  ; 

1  Archives  of  .Neurplogy  and  Psvchiatrv,  Vol.   7,   No.   2,   February,   1922, 
page  213. 
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whereas  in  the  same  case  we  feel  certain  from  our  clinical 
examination  that  the  lesion  is  not  an  eighth  nerve  tumor 
but  say  a  cerebellar  tumor,  we  shall  give  the  same  patient 
credit  for  these  vague  ocular  movements  and  report  a  slight 
response  from  this  particular  set  of  semicircular  canals. 
To  my  mind  this  is  one  of  the  dangers  of  the  rotation  and 
caloric  tests,  but  it  is  absolutely  essential  that  we  do  make 
these  complete  examinations  before  doing  the  rotation  and 
caloric  tests  as  I  think  we  shall  thereby  perform  our  tests 
better  and  get  a  smaller  percentage  of  error  between  our 
findings  1)y  the  tests  and  the  actual  pathological  findings 
in  the  case.  Sometimes  we  are  pleased  at  the  reliability 
of  these  rotation  and  caloric  tests  on  patients  with  intra- 
cranial lesions. 

I  recall  a  good  example  of  their  worth  in  a  case  of  Dr. 
Harvey  Gushing  at  the  Peter  Bent  Brigham  Hospital.  In 
brief  the  history  is  as  follows : 

F.  N.  aged  forty-one,  with  all  the  symptoms  of  a  left- 
sided  cerebello  pontine  angle  lesion  except  no  evidence  of 
increased  intracranial  pressure. 

On  examination  there  was  found  complete  left  facial  and 
abducens  paralysis  and  anesthesia  of  the  left  cornea, 
together  with  a  brisk  spontaneous  nystagmus  to  the  right 
and  left  with  a  rapid  vertical  nystagmus  on  looking  up. 
Fundi  showed  no  evidence  of  any  choking  or  hyperemia. 

There  was  marked  falling  in  Romberg's  position  and 
marked  incoordination  of  legs  and  some  of  hands.  Knee 
jerks  were  active  with  Babinski  on  the  left  side.  Sponta- 
neous past  pointing  by  the  left  arm  was  present  with  coarse 
tremor.  Hearing:  left  ear  moderate  loud  conversation  only 
was  heard.  No  forks  heard  and  upper  limit  was  2.5  on  the 
Galton  whistle.  Right  ear  normal  hearing  with  Weber 
referred  to  the  right.     Both  membrana  tympani  normal. 

Rotation  and  caloric  tests  were  done  on  the  second  day 
after  admission  and  absolutely  no  after-nystagmus  could 
be  produced.  After-vertigo  on  rotation  tests  was  practi- 
cally nil,  certainly  not  more  than  two  seconds  and  no  past 
pointing  was  obtained. 
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At  this  time  I  presented  a  diagnosis  of  cerebellar  pontine 
sclerosis,  bilateral  and  worse  on  the  left  side. 

An  examination  ten  days  later  showed  no  after-nystagmus 
on  right  and  left  rotation  with  head  30°  forwards.  No 
vertigo  or  past  pointing.  On  the  caloric  test  no  reactions 
present  from  douching  the  left  ear,  head  forwards  or 
backwards.  On  douching  the  right  ear  with  the  head  30° 
forwards,  no  nystagmus  was  obtained  after  five  minutes 
irrigation.  On  putting  the  head  back  there  was  a  slow 
slight  indefinite  horizontal  nystagmus  to  the  left. 

My  conclusions  at  this  time  were  that  the  reactions  were 
possible  from  left  acoustic  neuroma  but  owing  to  the  lack 
of  increased  intracranial  pressure  signs  they  would  suggest 
a  diffuse  lesion  through  pons  and  cerebellum,  bilateral  but 
worse  on  the  left  side. 

Three  weeks  after  admission  Dr.  Gushing  performed  a 
sub-occipital  exploration  with  exposure  of  a  small  tumor 
mass  projecting  into  porus  on  left  side.  Partial  enucleation 
of  nodule.  The  tumor  was  proved  to  be  a  glioma  involving 
the  pons. 

Another  very  interesting  case  of  Dr.  Harvey  Gushing  is 
as  follows : 

L.  S.  aged  eleven,  with  the  history  that  at  four  years  of 
age  he  fell  out  of  baby  buggy  and  was  unconscious  for 
three  days.  Had  a  vomiting  period  lasting  some  months 
with  dizziness  and  headaches.  Ten  weeks  before  admission 
an  acute  attack  of  tonsillitis  with  recovery  after  three 
weeks.  Five  weeks  before  admission  he  vomited  before 
breakfast  with  slight  nausea  and  frontal  headache.  Five 
days  before  admission  a  left  internal  strabismus  was  noted. 

A  history  was  obtained  of  dizziness,  vertigo,  nausea, 
cervical  rigidity  and  sub-occipital  tenderness.  Slight  ataxia 
was  found  subjectively  more  on  the  left.  Positive  Romberg 
with  staggering  gait  and  falling  to  right  or  left.  The  most 
marked  feature  of  this  case  was  the  vomiting.  The  hearing 
was  normal  and  fundi  showed  3.0  diopters  swelling. 

Examination  showed  spontaneous  nystagmus  horizontally 
to  right  and  slig'htly  rotary  to  left.    The  weakness  of  both 
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external  recti  muscles  was  not  synchronous,  i.  e.,  there 
was  some  paralysis  of  associated  lateral  movements  such 
as  Freeman2  has  lately  described. 

Spontaneous  past  pointing-  was  present  on  the  right  s-ide 
with  incoordination,  hypermetria  and  awkwardness.  Devia- 
tion usually  to  the  left.  Left  arm  touched  properly.  After 
rig-ht  rotation,  a  good  horizontal  after-nystagmus  to  the 
left  for  24  seconds  was  obtained.  After-vertigo  was  21 
seconds.  Past  pointing  was  not  tested.  On  rotation  to  the 
left  both  eyes  were  drawn  to  the  left  then  slowly  rolled  to 
the  right  and  back  to  the  left  with  a  few  rapid  fine 
horizontal  movements  to  the  right.  This  reaction  was 
quite  suggestive  of  an  incomplete  conjugate  deviation. 
Duration  was  26  seconds,  after  vertigo  10  seconds.  Past 
pointing  not  tested. 

With  the  caloric  test  of  the  right  ear,  with  the  head  30° 
forwards,  a  fair  rotary  nystagmus  to  the  left  was  obtained 
after  1-J^  minutes.  There  was  present  however  a  conju- 
gate deviation  of  both  eyes  to  the  right,  with  a  rare  rapid 
jerk  to  the  left.    Past  pointing  not  tested. 

Caloric  test  of  the  left  ear  with  the  head  30°  forwards, 
gave  no  nystagmus  after  five  minutes.  With  the  head  60° 
backwards,  a  brisk  horizontal  nystagmus  with  quick 
component  to  the  right  ensued. 

At  this  time  my  impression  was  a  lesion  of  the  right 
cerebellar  hemisphere  involving  the  right  superior  cere- 
bellar peduncle.  A  few  days  later  Dr.  Gushing  performed 
the  cerebellar  operation  on  this  case  and  found  a  right- 
sided  cystic  glioma  of  the  cerebellum  extending  down 
through  the  foramen  magnum,  overlying  the  medulla.  A 
large  cyst  containing  60  to  75  c.  c.  of  straw  colored  fluid 
was  found  in  the  right  cerebellar  hemisphere.  A  mass  the 
size  of  a  pigeon's  egg  was  enucleated  along  with  cyst  wall. 
There  was  left  a  large  cavity  in  the  cerebellar  hemisphere. 
The  tumor  had  extended  forwards  considerably. 

There  was  in  this  case  a  tendency  for  conjugate  deviation 
from  stimulation  of  the  right  semicircular  canals.     In  this 

2  Archiv.  of  Xeurol.  and  Psych.,  Vol.   7,  No.  4,  April,   1922. 
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case  with  an  enormous  tumor  and  marked  pressure  in  the 
posterior  fossa  it  was  possible  to  obtain  reactions  from  the 
right  semicircular  canals  and  also  from  the  left  horizontal 
semicircular  canal ;  the  vertical  canals  on  the  left  side 
apparently  being  blocked  by  the  pressure.  Just  why  this 
should  have  occurred  I  cannot  explain  except  that  the 
pressure  somehow  or  other  did  not  involve  the  vestibular 
fibers  on  the  right  side.  The  presence  of  conjugate  devia- 
tion of  the  eyes  after  vestibular  stimulation  is  not  patho- 
gnomonic of  supratentorial  lesions,  and  I  quite  agree  with 
Drs.  Ingham  and  Jones  on  the  point  they  make  about  the 
presence  of  conjugate  deviation  of  the  eyes  in  lesions  o." 
the  posterior  fossa. 

In  regard  to  the  cerebello-pontile  angle  tumor  phenome- 
non-complex, there  are  undoubtedly  variations  in  the 
responses  from  the  vestibular  apparatus  on  the  side  opposite 
to  the  side  of  the  lesion,  varying  from  normal  responses 
to  absent  responses  from  vertical  canal  stimulation  such 
as  Drs.  Ingham  and  Jones  state,  and  furthermore  it  is  quite 
possible  to  have  variations  in  the  tests  repeated  within 
■  short  intervals  of  each  other,  that  is  to  say  this  phenomenon 
of  absence  responses  from  the  vertical  canals  on  the  side 
opposite  to  the  lesion  is  very  likely  due  to  pressure  in  the 
posterior  cranial  fossa  and  we  know  that  this  pressure 
varies  from  time  to  time.  I  feel  that  there  is  no  definite 
syndrome  in  acoustic  neuromas.  The  auditory  function 
is  not  always  entirely  destroyed  on  the  side  of  the  lesion. 
One  other  fact  well  brought  out  by  Drs.  Ingham  and  Jones 
is  that  in  cerebellar  lesions  the  after-vertigo  is  decreased. 
This  fact  should  be  considered  in  all  past  pointing  tests 
where  we  find  decreased  vertigo  and  it  is  important  in 
doing  our  past  pointing  tests  after  rotation  to  test  the 
arms  in  different  order,  as  for  instance,  on  right  rotation, 
test  the  right  arm  first  then  the  left  arm ;  repeat  the  right 
rotation  testing  the  left  arm  first.  Personally,  I  am 
beginning  to  disregard  the  past  pointing  tests  more  and 
more  although  I  do  them  routinely  I  attach  very  slight 
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significance  to  abnormal  reactions  unless  they  fit  in  with 
the  rest  of  the  symptom  complex. 

One  other  case  of  interest  is  that  of  O.  S.  a.  patient  of 
Dr.  Gushing  at  the  Peter  Bent  Brigham  Hospital.  Dr. 
Gushing  has  reported  this  case  in  detail 'in  the  Laryngoscope, 
August  1921. 

It  was  a  case  of  right  acoustic  neuroma  with  a  history 
of  probably  twenty  years  duration.  Four  distinct  exami- 
nations by  the  rotation  and  caloric  tests  were  made  on 
this  patient  and  in  all  of  them  there  was  found  on  left 
rotation  a  tendency  for  conjugate  deviation  of  the  eyes  to 
the  left.  Hearing  was  normal  in  the  left  ear  with  marked 
deafness  in  the  right  ear,  loud  shout  only  being  perceived. 
Caloric  tests  on  all  four  occasions  gave  absolutely  no 
response  from  the  right  vertical  canals.  On  two  occasions 
a  very  slow  diminished  response  from  the  right  horizontal 
canal  was  present  and  on  three  occasions  there  were 
present  diminished  and  dull  responses  from  the  left  vertical 
canals  with  normal  responses  from  the  left  horizontal  canal 
on  all  tests. 

This  patient  was  operated  on  by  Dr.  Gushing  with  an 
exposure  of  a  large  right-sided  acoustic  neuroma. 

Passing  on  to  another  subject  of  extreme  interest  and 
importance  to  the  otologist,  I  should  like  to  discuss  briefly 
the  rotation  and  caloric  tests  in  cases  of  chronic  suppurative 
otitis  media  with  labyrinthine  symptoms. . 

The  following  case,  J.  B.  aged  twenty-eight  was  on  the 
service  of  Dr.  Philip  Hammond  at  the  Massachusetts  Ghari- 
table  Eye  and  Ear  Infirmary.  In  brief :  He  had  a  left 
chronic  suppurative  ear  for  sometime  and  in  the  week  just 
before  admission  to  the  hospital  became  very  dizzy  with 
some  vomiting. 

On  examination  there  was  a  spontaneous  horizontal 
nystagmus  to  the  right  and  left  fairly  well  sustained  of 
fair  amplitude  and  greater  on  looking  to  the  right. 

Hearing  in  the  right  ear  normal.  In  the  left  ear  conver- 
sation at  one  inch.  Lower  limit  1024  d.  v.  Upper  limit 
0.8  with  Galton  whistle.  Weber  referred  to  the  left.  Gondi- 
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tion  of  the  ear  a  foul,  suppurative  one  with  loss  of  ear 
drum  membrane.  Wassermann  negative.  Neurological 
examination  normal  except  for  markedly  contracted  pupils. 

No  spontaneous  past  pointing  was  present.  On  rotation 
to  the  right  there  were  a  few  rotary  jerks  and  the  fine 
spontaneous  nystagmus  l)ut  no  true  after-nystagmus. 
After-vertigo  was  3  seconds. 

Past  pointing  tests  showed  2  inch  deviation  to  the  right 
with  both  arms,  testing  them  in  different  order. 

Rotation  to  the  left :  a  definite  horizontal  nystagmus  to 
the  right  of  18  seconds  duration.    After-vertigo  7  seconds. 

With  the  fistula  test :  On  compression  in  the  left  ear 
a  violent  horizontal  nystagmus  to  right  with  vertigo  and 
past  pointing  to  the  right  with  both  arms  for  about  one 
foot  ensued.  On  suction  a  less  violent  but  very  definite 
horizontal  nystagmus  to  left  with  less  vertigo.  Past 
pointing  reactions  were  not  tested. 

On  first  introducing  the  cold  water  into  the  left  ear 
there  were  some  rapid  horizontal  jerks  to  the  right  similar 
to  those  induced  by  the  fistula  test.  No  rotary  nystagmus 
appeared  until  after  2-^^  minutes  of  irrigation.  Amplitude 
large. 

Head  60°  back :  There  was  no  after-nystagmus  and  no 
past  pointing. 

On  douching  the  right  ear,  there  appeared  a  rotary 
nystagmus  to  the  left  of  fair  amplitude  and  speed.  Past 
pointing  was  to  the  right. 

The  impression  at  that  time  was  that  there  was  a  fistula 
in  the  left  horizontal  semicircular  canal  with  circumscribed 
labyrinthitis,  and  a  lesion  involving  the  fibers  from  right 
labyrinth  to  posterior  longitudinal  bundle  fibers.  No 
evidence  of  cerebellar  lesion.  A  few  days  later  Dr.  Ham- 
mond performed  a  left  radical  mastoid.  The  fistula  was 
found  in  horizontal  canal  eminence.  One  week  later  skin 
graft. 

Patient  complained  of  no  vertigo  and  was  discharged 
three  weeks  later.     At  this  time  on  rotation  to  the  right 
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there  was  no  after-nystagmus.  On  rotation  to  the  left 
brisk  horizontal  after-nystagmus  for  15  seconds. 

Fistula  test  negative  in  the  left  ear. 

Two  weeks  later  was  examined  in  the  out-patient  depart- 
ment :  No  vertigo  or  headaches.  Left  ear  discharging  a 
bit.     Was  at  work  feeling  well. 

Examination  showed  hearing  in  left  ear  absolutely  nil. 
No  bone  conduction  present.  On  rotation  to  the  right : 
No  after-nystagmus,  vertigo  or  past  pointing.  On  rotation 
to  the  left :  A  fine  horizontal  after-nystagmus  to  the  right 
duration  18  seconds.  After-vertigo  11  seconds.  Past 
pointing:  Left  8  inches  to  the  left;  right  6  inches  to  the 
left. 

Caloric  test  of  the  left  ear,  water  65°  F.  Head  30° 
forwards. 

No  after-nystagmus  after  5  minutes  was  obtained. 

Head  60°  back  :     No  nystagmus. 

Fistula  test  negative. 

In  other  words  in  this  case  the  rotation  and  caloric  tests 
have  shown  us  the  progress  of  the  condition  from  one  of 
circumscribed  labyrinthitis  to  a  diffuse  labyrinthitis  with 
destruction  of  the  labyrinth  on  that  side  and  for  this 
reason  I  have  reported  this  last  case  as  it  affords  a  striking 
example  of  the  value  of  these  rotation  and  caloric  tests  in 
the  field  of  chronic  suppurative  otitis  media. 

Dr.  Wells  P.  Eagleton,  Newark :  My  interest  in  the 
vestibular  symptoms  is  entirely  that  of  a  clinician,  but 
performing  a  large  number  of  operations  has  led  me  some- 
what away  from  the  clinical  aspect  and  given  me  a  certain 
philosophy  in  regard  to  the  ear.  There  has  been  great 
confusion  on  this  subject.  I  think  the  mistake  has  been 
made  of  treating  the  vestibular  apparatus  as  of  a  very  high 
order  of  nervous  function.  We  have  been  talking  about 
the  vestibular  tracts  the  same  as  we  have  about  the  speech 
tracts,  and  they  are  entirely  dift'erent  biologically.  A  man 
receives  a  blow  over  the  left  temporofrontal  region  and 
becomes  speechless.    Speech  is  the  highest  form  of  nervous 
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development  we  have  outside  of  the  higher  psychic  func- 
tions which  grow  out  of  it.  Hearing  is  only  present  in 
vertebrates.  Speech  is  a  recent  addition  to  life.  When 
we  go  below  hearing  we  come  to  some  of  the  fundamental 
phenomena  of  life  itself.  There  is  no  evidence  of  hearing 
much  below  the  vertebrates,  and  the  vestibular  apparatus 
is  well  developed  in  the  invertebrates  and  in  the  very  low 
forms  of  life.  This  is  a  biological  fact  that  we  are  dealing 
with. 

Professor  Bazett  has  called  attention  to  the  fact  that 
the  whole  upper  portion  of  the  nervous  system  in  animals 
has  been  removed,  yet  there  has  been  nystagmus.  What 
does  this  mean?  It  means  that  in  certain  parts  of  the 
vestibular  apparatus,  all  function  helps  with  orientation. 
Dr.  Jones  has  shown  this  by  pictures  and  that  is  the  only 
way  we  shall  ever  learn.  If  two  men  see  the  same  thing, 
they  do  not  see  it  in  the  same  way.  There  is  the  personal 
equation,  so  that  it  is  only  by  a  permanent  pictorial  record 
that  we  shall  ever  get  anywhere.  I  congratulate  Dr.  Jones 
on  what  he  has  shown.  He  removes  a  large  part  of  the 
cerebellum.  After  a  time  the  cat  falls  well, — not  perfectly, 
but  still  fairly  well,  because  compensation  has  immediately 
commenced  in  the  lower  forms  of  nervous  tissue.  In  the 
very  low  forms  of  animal  life  you  can  cut  the  creature  in 
two  and  it  will  still  live.  Dr.  Tilney  has  worked  out  a 
philosophy  about  the  cerebellum  which  makes  it  under- 
standable. In  studying  the  dog  fish  he  has  worked  out  his 
conclusions.  The  cerebellum  first  appears  in  the  fishes ;  it 
is  not  in  the  invertebrates,  but  there  is  a  vestibular 
apparatus  in  the  invertebrates.  The  fundamental  cere- 
bellum is  the  bulbar  and  is  part  of  the  primary  spinal  cord 
and  in  that  are  found  the  vestibular  nuclei.  Later  there 
is  added  a  posterior  and  a  medial  lobe  which  we  regard  as 
the  vermis  and  later  the  two  hemispheres.  These  are  only 
present  in  animals  which  acquire  use  of  the  four  extremi- 
ties. In  the  cerebellum  the  lowest  part  represents  the 
vestibule;  the  middle  part  the  orientation  of  the  trunk;  the 
third  part  movements  of  the  four  extremities.     Accepting 
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this  as  true,  what  is  clinically  evident?  Gray  took  a 
cerebellum  and  with  a  knife  cut  below  the  cortex  and  above 
the  grey  matter,  and  produced  certain  movements  or 
disturbance  of  orientation.  It  disappeared  in  from  4  dayg 
to  2  weeks.  The  cerebellum  itself  has  to  do  with  move- 
ments in  general  and  has  a  very  low  form  of  nervous 
development,  easily  compensated  for.  How  can  we  apply 
this  fact  ?  We  can  appl}'  it  this  way,  that  we  must  not  look 
for  a  localization  from  the  vestibular  tests.  It  does  not 
exist.  Minute  lesions  such  as  small  hemorrhages  do  produce 
syringomyelia  and  these  are  shown  by  isolated  manifesta- 
tions of  the  vestibular  apparatus  which  makes  the  diagnosis 
of  lesions  possible.  But  we  are  dealing  with  gross  lesions 
of  the  nervous  system.  Localization  of  the  vestibular 
apparatus  is  very  definite,  but  the  localization  of  the  intra- 
cranial portion  is,  in  the  majority  of  cases,  impossible  by 
the  vestibular  tests  alone. 

There  are  certain  factors  which  stand  out  prominently : 
one  is  evidence  of  increased  intracranial  pressure  as  shown 
by  the  vestibular  tests.  I  reported  3  cases  of  tumor  of 
the  brain  with  aural  manifestations.  I  syringed  cold  water 
in  the  opposite  ear.  There  was  no  nystagmus.  I  did  not 
know  that  if  he  turned  the  head  upwards  he  had  no 
nystagmus.  The  reaction  of  the  vertical  canal  on  the 
opposite  side  confirmed  this  as  evidence  of  intracranial 
pressure.  I  made  the  assertion  that  in  regard  to  impor- 
tance from  the  surgical  standpoint  this  precedes  ocular  mani- 
festations, that  is  the  papilledema  which  has  been  our  sheet 
anchor.  That  is  if  the  vertical  canals  did  not  react  to  the 
cold  caloric  in  the  upright  postition  there  was  increased 
intracranial  pressure  of  the  posterior  fossa,  not  necessarily 
of  the  cerebrum.  That  has  not  been  established  in  a  great 
many  cases.  I  have  come  today  to  regard  many  of  the 
so-called  defences  of  peripheral  as  of  nerve  origin,  or 
intracranial  origin.  We  do  lumbar  puncture  and  we  will 
find  the  fluid  under  pressure  and  the  chemical  composition 
of  the  fluid  very  often  altered. 
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I  have  also  come  to  regard  as  of  great  importance  the 
diminution  of  the  duration  of  induced  nystagmus  by  turning. 

1  am  sure  that  we  must  separate  induced  nystagmus  by 
caloric  from  the  nystagmus  by  turning.  One  is  the  thermic 
stimulus  and  one  is  mechanical.  Dr.  Jones  showed  a  man 
touched  with  a  probe,  and  this  caused  nystagmus.  Turning 
him  did  not  cause  it ;  the  caloric  did  not  cause  it.  Different 
forms  of  nervous  stimuli  should  be  separated.  If  you  turn 
a  normal  man  he  has  nystagmus ;  if  you  keep  on  turning 
him  it  stops.  It  cannot  be  induced  after  a  certain  time. 
In  intracranial  lesions  of  the  posterior  fossa,  in  studying 
fractures  of  the  skull,  I  found  this :  if  a  person  receives 
injury  to  the  posterior  fossa  and  the  spaces  of  the  pia- 
arachnoid  are  filled  with  blood,  you  get  bloody  cerebro- 
spinal fluid.  Turning  that  man  gives  nystagmus  reduced 
to  fifty  per  cent,  yet  his  hearing  is  perfect.  I  discovered 
this  in  studying  effects  of  induction  of  protective  meningi- 
tis, by  my  labyrinthine  operations.  I  induced  a  protective 
meningitis.  There  were  many  cells  and  cloudy  fluid.  The 
duration  of  nystagmus  was,  reduced  50  per  cent.  In 
fractured  skull  cases  this  rule  applies  and  it  lasts  a  long 
time.  In  the  chair  the  patient  had  reduction  of  nystagmus 
on  turning,  but  the  caloric  was  good.     I  have  postulated 

2  things :  one  the  absence  of  reaction  of  the  semicircular 
canals  to  the  cold  caloric  means  intracranial  pressure ; 
two,  the  reduction  of  the  nystagmus  on  turning  masses 
filling  of  the  cerebrospinal  spaces  of  the  posterior  fossa 
by  either  exudate  or  hemorrhage. 

Dr.  J.  Gordon  Wilson,  Chicago :  We  all  agree  with  Dr. 
Jones  that  moving  pictures  such  as  he  has  shown,  are  an 
excellent  method  to  study  and  record  pathological  lesions 
and  clinical  states.  It  is  impossible  to  discuss  adequately 
Dr.  Jones's  most  interesting  paper,  in  which  he  summarized 
clearly  and  states  briefly,  the  "for"  and  "against"  of  many 
of  the  debatable  points  in  vestibular  physiology  and  patho- 
logy. I  will  confine  my  remarks  to  two  points  in  the  many 
controversial  issues  which  his  paper  raises. 
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(1)  I  am  still  unconvinced  that  the  cerebral  mechanism 
above  the  corpora  quadrigemina  has  no  influence  on  the 
quick  movement  of  nystagmus.  Dr.  Jones  has  well  enum- 
erated the  arguments  against  this  central  origin  of  the 
quick  phase.  Exception  might  well  be  taken  to  each  of 
the  arguments  so  advanced.  I  will  refer  only  to  two. 
There  are  authentic  clinical  observations  which  point  to  a 
central  mechanism  anterior  to  the  corpora  quadrigemina 
being  active  in  man  and  the  higher  mammals  as  outlined 
in  the  paper  I  published  with  Dr.  Pike,  12  years  ago. 
Evidence  that  lower  centres,  presumably  in  the  pons,  are 
the  seat  of  origin  in  man,  will  require  experimental  evidence 
in  animals  whose  nervous  system  is  higher  than  the  rabbit, 
in  which  animal  most  experimental  work  has  been  done. 
Further,  in  arguing  against  the  cerebral  origin  in  higher 
mammals,  such  as  the  cat  to  which  Dr.  Jones  refers,  we 
will  require  evidence  that  necessitates  no  assistance  from 
the  theory  of  surgical  shock  to  explain  its  momentary 
duration  or  after  stimulation. 

In  regard  to  (6)  few  physiologists  will  regard  the  scratch 
reflex  as  observed  in  decerebrated  animals  as  comparable  to 
the  scratch  reflex  in  the  same  animal  before  decerebration. 

(2)  I  doubt  whether  we  can  call  the  vestibular  sense 
a  "specific  special  sense".  The  information  derived  from 
the  vestibular  mechanism  in  the  ear  is  too  unreliable  to 
have  it  so  designated.  An  end  organ  part  whose  function 
is  to  sense  acceleration  of  movement  and  which  gives 
information  in  regard  to  movement  during  acceleration 
which  may  be  50%  wrong,  can  scarcely  be  regarded  as  a 
"special  sense  organ." 

Dr.  Tom  Williams,  Washington :  I  have  not  had  the 
time  to  study  the  question  sufficiently.  I  want  to  speak 
about  Dr.  Wilson's  remarks.  There  is  confusion  on  the 
whole  subject  of  nystagmus.  I  do  not  think  Drs.  Jones 
and  Ingham  were  speaking  of  a  single  phenomenon.  Rapid 
movement  of  the  eyes  in  one  direction  with  slow  return 
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is  one  thing.  There  are  other  movements  of  the  eyes 
which  are  oscillatory.  I  think  these  are  a  different  pheno- 
mena, distinct  from  true  nystagmus.  I  think  the  last 
speaker's  remarks  are  well  taken.  Movements  provoked 
by  experimental  alteration  of  the  conditions  in  the  labyrinth 
are  of  the  same  order  as  conjugate  deviation  of  the  eyes, 
which  can  be  determined  purely  through  the  lower  neurone 
sensory's  motor  system  of  the  vestibule.  The  movement 
of  return  to  the  normal  axis  is  determined  by  something 
above  the  corpora  quadrigemina,  by  factors  that  intricate 
with  vision.  The  behavior  is  different  with  the  eyes  open 
from  that  when  they  are'  closed.  With  reference  to  the 
last  problem,  can  we  rely  on  the  experimental  observations 
or  the  clinical  and  pathological  ones,  or  both?  Can  we  be 
sure  that  there  are  not  separate  paths  from  the  horizontal 
canals  and  the  vertical  canals 'respectively  ?  I  think  we 
can.  There  are  many  clinical  factors  which  point  to  that 
disassociation  although  we  have  not  yet  ascertained  the 
exact  path  for  the  horizontal  canal.  For  instance,  in  a 
woman  with  cerebellar  symptoms  we  operated,  believing 
we  might  possibly  find  a  new  growth.  On  the  left  side,  the 
impulses  from  the  vertical  canals  were  retained,  whereas 
all  other  impulses  had  disappeared.  What  we  all  found  was 
a  symmetrical  lesion  involving  both  posterior  cerebellar 
arteries.  This  had  permitted  of  variation  in  the  vestibular 
distribution  going  to  the  semicircular  canals  on  the  one 
side.     We  must  therefore  assume  this  dissociation. 

Dr.  E.  A.  Crockett.  Boston:  After  thirty  years  of  the 
practice  of  Otology,  I  feel  like  a  student.  The  papers  this 
morning  have  been  so  unusual  and  so  excellent,  that  I 
move  a  vote  of  appreciation  by  the  Society  be  offered  to 
those  who  have  contributed  to  the  success  of  this  meeting. 

Dr.  Dench  :     I  second  the  motion.     (Carried). 

Dr.  B.  Alex.  Randall,  Philadelphia :  I  have  been  asked 
to   speak   in   this   discussion   of   the   paths   of   the   cochleal 


CERTAIN   XEURO-OTOLOGIC    PROBLEMS.  207 

fibers,  (of  which  Dr.  Jones  rightly  says  that  we  have  of 
late  learned  little  new)  but  prefer  to  do  so  mainly  with 
pictures  on  the  screen,  since  these  are  to  most  of  us  more 
explicit.  We  elders  have  had  somewhat  to  relearn  Qur 
anatomy  ,and  trace  the  afferent  fibers  of  the  sense-organs 
from  their  peripheral  ganglion-cells  to  the  apparent,  and 
if  possible  their  ultimate,  "origins"  in  the  central  nervous 
system. 

We  know  that  involution  of  the  epiblastic  cells  form  on 
each  side  of  the  head  the  otic  pit ;  that  this  cuts  off  as  a 
vesicle  separate  from  the  surface,  which  then  develops 
into  the  complexities  of  the  membranous  labyrinth.  While 
this  somewhat  parallels  the  development  of  the  cerebro- 
spinal axis,  its  cells  are  not  therefore  neural  any  more  than 
those  of  the  crystaline  lens  of  the  eye,  identically  formed : 
only  those  cells  connected  with  the  brain  by  dendritic  fibers 
of  the  neurones  of  the  spiral  ganglion  of  the  cochlea  or 
the  Scarpa  ganglia  for  the  vestibular  endings  become 
'hair-cells'  supported  by  their  otherwise  modified  neighbors 
to  form  the  Corti  organ  the  ampullar  crests.  The  neuraxial 
fibers,  grouped  as  the  VIII  nerve  in  the  internal  meatus, 
pass  to  the  brain-stem  where  the  cochleal  fibers  enter  the 
ventro-lateral  or  accessory  nucleus,  whence  some  of  them 
ascend  to  the  dorsal  nucleus  or  acoustic  tubercle  external 
to  the  Restiform  body,  while  others  cross  through  the 
Trapesium  to  the  Superior  Olive  of  the  same  and  the 
opposite  side.  The  dorsal  fibers  appear  as  the  acoustic 
striae  in  the  floor  of  the  Fourth  Ventricle  or  beneath  it  to 
decuss  in  part,  although  some  remain  homolateral ;  and 
passing  through  the  Lateral  Fillet,  relayed  by  its  nucleus, 
reach  the  Geniculates  and  by  the  Acoustic  radiations  reach 
to  the  cortex  of  the  First  Temporal  Convolution.  Supple- 
menting this  course  is  a  secondary  system  following  slightly 
different  paths ;  while  a  third  set  of  fibers  reverses, 
according  to  Held,  these  lines  and  links  in  downward  order 
the  nuclei  of  the  other  paths.  Herein  may  lie  the  explana- 
tion   of    the    rare    occurrence    of    deafness    in    brain-stem 
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lesions ;  but  it  also  shows  that  many  fibers  from  both 
cochleae  are  within  reach  of  a  limited  lesion  below  the 
floor  of  the  Fourth  Ventricle  and  could  be  simultaneously 
blocked,  causing  total  deafness  as  in  epidemic  Meningitis. 
One  peripheral  point  has  received  little  notice.  We  know 
that  the  cochlear  nerve  is  made  up  of  the  neuraxial  fibers 
from  the  spiral  ganglion  passing  through  a  spiral  tract 
in  the  bottom  of  the  internal  meatus,  so  that  those  from 
the  apex  form  its  center  clothed  by  the  layers  of  fibers 
coming  from  the  successively  lower  turns.  These  later 
form  the  periphery  of  the  nerve-bundle  protecting  those 
within :  so  we  realize  why  the  high  tones,  which  have  their 
neural  paths  from  the  lowest  cochleal  turn,  are  usually  the 
first  lost  in  lesions  of  the  internal  meatus  or  the  pontine 
angle.  The  distribution  of  the  optic  fibers  at  the  chiasm 
is  of  recognized  diagnostic  value  in  respect  to  pituitary 
growths ;  but  little  if  any  attention  has  been  given  to  this 
anatomic  relation — the  greater  vulnerability  being  rather 
ascribed  to  the  nearness  of  the  Corti  end-organ  for  high 
tones  to  the  membrane  of  the  round  window. 


AN  UNUSUAL  CEREBRAL  COMPLICATION  OF 
MASTOID  OPERATION,  RELIEVED  BY  SUBDURAL 
DRAINAGE. 

By  E.  A.  CROCKETT,  M    D.,  Boston,  Mass. 

In  two  papers,  one  read  before  the  American  Otological 
Society  in  1908  and  the  other  before  the  American  Laryn- 
gological,  Rhinological  and  Otological  Society  and  published 
in  their  Transactions  in  1916.  \'ol.  22.  page  173.  I  have 
called  attention  to  the  possibility  of  relieving  apparently 
hopeless  cases  of  meningitis  by  the  opening  of  the  dura 
mater  in  the  temporal  region  and  the  placing  in  of  a  drain 
for  the  free  exit  of  cerebrospinal  fluid. 

This  case  is  an  extreme  illustration  of  the  benefits  which 
may  occasionally  derive  from  such  a  surgical  procedure. 

Julia  R.  35  years  old  was  admitted  to  the  Massachusetts 
Charitable  Eye  and  Ear  Infirmary  on  January  3,  1922. 
She  had  had  a  chronic  suppurative  discharge  from  the  left 
middle  ear  for  many  years.  During  the  last  year  her 
family  had  noticed  a  decided  change  in  her  disposition, 
otherwise  she  had  had  no  ill  results  from  the  chronic 
discharging  ear  until  6  weeks  before  admission,  when  she 
began  having  severe  pain  in  the  left  ear  which  had  con- 
tinued more  or  less  all  the  time  up  to  the  period  of 
admission.  The  discharge  during  this  period  of  pain  was 
less  than  usual,  it  was  also  noticed  that  she  was  dizzy 
upon  standing  and  fell  to  the  left. 

The  mastoid  operation  was  performed  on  the  left  side 
by  the  Senior  House  Surgeon  assisted  by  one  of  the  StaflF. 
During  the  course  of  this  operation,  the  lateral  sinus  was 
exposed  and  it  was  observed  that  there  was  a  sinus  in  the 
horizontal  semi-circular  canal. 

About  six  hours  after  this  operation  the  patient  had  a 
good  deal -of  cerebral  disturbance,  not  exactly  delirium,  but 
evidently  an  acute  cerebral  condition.     She  was  given  yi 


210  CROCKETT. 

gr.  of  morphine.  At  8  P.  M.  the  house  surgeon  noticed 
the  patient  was  rational,  but  complained  a  good  deal  of 
headache. 

At  11  P.  M.  the  patient  had  projectile  vomiting,  also 
some  nystagmus,  but  cerebrated  perfectly. 

At  3  P.  M.  she  vomited  and  passed  into  a  state  of  coma 
from  which  she  could  not  be  roused.  There  was  marked 
disturbance  of  the  pulse  rate, — at  times  78  and  strong  and 
at  times  128  and  intermittent,  the  eyes  were  strongly 
drawn  to  the  left  side,  the  pupils  were  dilated  and  in  about 
an  hour  patient  had  a  slight  chill.  Respirations  were 
markedly  irregular  and  of  the  Cheyne  Stokes  type.  The 
eyes  at  times  were  deviated  to  the  left,  other  times  there 
was  spontaneous,  horizontal  nystagmus  to  right.  At  times 
the  patient  was  in  complete  coma,  at  times  restless,  at 
times  incoherent  attempts  to  talk  and  there  were  many 
convulsive  movements  of  the  muscles  of  the  right  lower 
leg  and  foot.  When  very  restless,  both  sides  of  body 
moved  freely,  but  when  quiet  there  was  almost  no  move- 
ment of  the  left  arm,  leg  or  left  side  of  face. 

The  dressings  and  pressure  wicks  were  taken  out  of  the 
mastoid  wound. 

When  I  first  saw  her  at  8:45  A.  M.  the  following 
morning,  about  twenty  hours  after  the  mastoid  operation, 
the  patient  gave  a  typical  picture  of  the  last  stages  of 
lepto-meningitis  of  the  base  of  the  brain.  She  was  violently 
delirious,  had  to  l^e  restrained  in  bed,  eyes  wide  open  and 
staring,  convulsive  twitching  movements  and  pounding  of 
the  right  foot  and  arm  ;  at  times  cried  out  violently  and 
sat  up  and  stared  and  cried  "mamma  ;"  both  sides  of  face 
moved  well  and  equally  ;  triceps  and  knee  jerks  hyperactive  ; 
abdominal  reflexes  were  absent;  moves  all  parts  of  both 
sides  of  body ;  plantar  reflex  present ;  Babinski  on  left 
side ;  lungs  and  heart  negative— abdomen  negative ;  pupils 
contracted,  but  patient  had  had  1/3  gr.  morphine  in  last 
24  hours ;  fundi  negative ;  slight  vascular  engorgement ; 
apparently  no  photophobia.     The  patient  had  acute  mania 
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and  resisted  all  attempts  to  obtain  neck  sign;  resisted 
bending  head  forward,  but  at  times  easily  bends  forward 
voluntarily ;  resists  more  with  right  than  with  left  leg. 
The  head  showed  a  tendency  to  be  turned  to  right ;  very 
restless  from  time  to  time  and  at  these  times  the  move- 
ments of  body  were  not  equal,  the  right  foot  pounds  but 
never  the  left. 

Blood  presure  110/60,  \\hk&  count  30,000,  Temp.  100, 
Pulse  60,  Resp.  16. 

A  lumbar  puncture  was  done  and  10  cc  of  spinal  fluid  was 
removed  under  heavy  pressure.  The  fluid  was  very  thick 
and  turbid ;  cell  count  20,000.  A  smear  from  the  spinal 
fluid  showed  numerous  diplococci.  A  Gram  Stain  smear 
failed. 

From  observation  of  the  patient's  condition  at  this  time, 
my  diagnosis  was  that  she  had  a  rupture  of  an  intracranial 
abscess,  owing  to  the  trauma  necessary  in  doing  a  radical 
mastoid  operation. 

I  found  myself  quite  unable  to  make  a  differential 
diagnosis  between  a  temporosphenoidal  and  a  cerebellar 
abscess,  but  in  view  of  the  numerous  convulsive  movements 
to  the  right  arm  and  leg.  it  seemed  to  me  to  be  more  likely 
temporosphenoidal.  The  patient's  condition  seemed  to  be 
quite  desperate  and  any  chance  of  recovery  from  operation 
absolutely  hopeless,  but  it  seemed  to  me  well  to  make  an 
attempt,  but  1  personally  thought  she  would  die  on  the 
operating  table. 

The  left  side  of  the  head  was  shaved  on  the  operating 
table  and  a  horseshoe  shaped  incision  was  made  above  the 
left  ear,  base  upwards  and  the  skull  was  opened  just  over 
the  external  auditory  meatus  with  a  }i  inch  trephine  and 
rapidly  enlarged  with  a  rongeur.  The  exposed  dura  looked 
normal  and  there  was  no  increase  of  intracerebral  pressure. 
The  dura  was  opened  over  the  temporosphenoidal  lobe  and 
there  was  no  attempt  of  herniation  of  the  brain  substance. 
The  temporosphenoidal  region  was  explored  thoroughly 
with  a  brain  knife  and  a  trocar  inserted  five  times  in  search 
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of  an  abscess,  but  none  was  found.  One  of  these  probings 
produced  a  bloody  flow  of  cere1)rospinal  fluid  evidently 
from  the  lateral  ventricle,  but  no  al^scess  was  found.  There 
being  no  evidence  of  rupture  of  a  temporpsphenoidal 
abscess,  I  then  considered  it  possible  that  the  patient's 
condition  might  be  a  meningitis  and  conseciuently  followed 
the  procedure  indicated  in  the  two  papers  mentioned  above 
and  a  piece  of  rubber  dam  was  carried  between  the  dura 
and  pia  over  the  petrous  portion  of  the  temporal  bone  about 
as  far  as  the  internal  auditory  meatus,  a  stitch  was  taken 
through  the  drain  to  the  edge  of  the  dura,  the  external 
flap  was  sewed  up  with  interrupted  sutures  and  a  dry 
dressing  applied.  The  patient  was  taken  from  the  operating 
room  in  good  condition  and  placed  in  a  special  bed  sur- 
rounded by  padded  boards. 

For  the  next  twenty  four  hours,  she  had  almost  incessant 
convulsive  movements  of  the  right  side  with  only  a  few 
quiet  moments  between,  so  much  so  that  the  patient's  arms 
and  legs  showed  numerous  bruises. 

On  my  visit  the  following  morning,  the  patient  was 
absolutely  unconscious,  involutary  evacuation  of  urine, 
eyes  staring  and  deviated  to  left  with  occasional  nystagmus 
to  right,  marked  neck  retraction  and  Kernig  both  sides, 
mouth  wide  open,  head  drawn  to  the  right,  seldom  moved 
the  right  side  of  body,  frequently  moved  the  left,  blood 
pressure  120/80.  white  count  22.000.  was  unable  to  swallow 
and  had  been  given  some  food  by  rectum. 

Forty  eight  hours  after  operation  patient  had  retention 
of  urine,  which  had  to  be  drawn  by  catheter,  had  passed 
a  restless  night,  but  was  now  very  much  quieter.  She  had 
attacks  of  convulsive  movements  every  few  mnutes,  but 
less  violent  in  character.  She  seemed  at  times  to  recognize 
those  around  ;  head  less  retracted,  mouth  still  kept  open ; 
Kernig  still  positive.  There  was  a  very  marked  discharge 
of  cerebrospinal  fluid  necessitating  the  changing  of  the 
bandao^e  twice  a  day. 
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Three  days  after  the  operation  the  patient  was  able  to 
swallow  freely  and  was  given  egg  and  milk  by  mouth  and 
she  seemed  to  recognize  those  around  her  for  short  periods. 
She  had  slight  mania  at  times  and  marked  aphasia  and 
disorientation. 

Five  days  after  the  operation,  the  patient  had  passed  a 
good  night,  fairly  rational  most  of  the  time  and  slept  for 
periods  of  three  to  three  and  a  half  hours,  took  milk  and 
egg  nog,  orange  juice  and  cocoa,  but  still  had  periods  of 
restlessness,  but  was  less  difficult  to  manage.  There  was 
a  continued  free  discharge  of  cerebral  fluid. 

Six  days  after  operation,  the  patient  recognized  her 
brother  and  said,  "Hello  Fred,  where's  Mother?" 

The  house  record  states,  temp.  98.  Resp.  20,  Pulse  96. 
Eyes  rest  in  mid  position — head  still  kept  back  and  lies  on 
right  side — has  taken  adequate  nourishment  by  mouth. 

Seventh  day,  white  blood  count  12,000. 

Tenth  day,  white  blood  count  9,500. 

Kernig  and  head  signs  have  disappeared.  Patient  cere- 
brated perfectly  well.    Sat  up  in  bed  for  short  periods. 

On  this  day  a  second  lumbar  puncture  was  done  showing 
a  clear  fluid  with  cell  count  of  11. 

Two  days  later  the  patient's  white  blood  count  was  8,000 
and  in  view  of  her  excellent  condition,  I  considered  it  wise 
to  take  out  the  drain ;  up  to  this  time  there  had  been  a 
profuse  continued  discharge  of  cerebrospinal  fluid  from 
the  wound.  From  this  time  on  the  patient  made  an  absolute 
recovery. 

On  the  twentieth  day  after  the  operation,  the  patient 
was  up  out  of  bed  and  seven  days  later  the  record  states 
she  had  been  up  all  day  for  several  days. 

One  month  after  the  operation,  she  was  discharged  to  the 
out-patient  department. 

On  the  19th  of  March,  the  patient  returned  to  the  hospi- 
tal for  observation.  The  neurological  examination  was 
negative.  The  patient  had  no  nystagmus.  The  fundi  oculi 
were  negative  and  there  was  a  slight  purulent  discharge 
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from  her  middle  ear,  but  the  wound  was  firmly  healed  and 
the  mastoid  cavity  practically  healed  and  the  patient's 
general  condition  excellent. 

I  find  it  very  difficult  to  satisfy  myself  just  what  occurred 
in  this  particular  case,  but  I  think  it  is  probable  that  the 
patient  had  an  abscess  somewhere  in  the  cranial  cavity 
which  was  ruptured  by  the  hammering  of  the  skull  incident 
to  the  mastoid  operation.  The  contents  of  this  flowed  back 
and  flooded  the  areas  at  the  base  of  the  brain  producing  a 
marked  interference  with  respiration  and  heart  beat. 

I  think  it  probable  that  this  pus  did  not  produce  a  true 
meningitis,  but  that  it  was  probably  one  of  those  old  sterile 
abscesses  which  we  occasionally  find  and  the  sterility 
accounts  for  the  fact  that  we  got  no  growth  from  the 
smear  ,although  diplococci  were  found  present  in  the  fluid. 

I  admit  that  this  is  a  very  far  fetched  hypothesis,  but  I 
see  no  other  way  of  accounting  for  her  symptoms  imme- 
diately after  the  mastoid  operation. 

I  have  trephined  and  opened  the  dura  in  a  great  many 
cases  of  acute  lepto-meningitis,  but  have  never  yet  failed 
to  see  one  where  the  increase  of  cerebral  pressure  did  not 
immediately  start  a  hernia  of  the  exposed  brain  as  soon 
as  the  dura  was  opened.  I  base  my  rejection  on  the 
diagnosis  of  meningitis  entirely  upon  the  absence  of  intra- 
cranial pressure  during  the  operation. 

Whatever  the  diagnosis  may  be,  I  think  there  is  very 
little  doubt  that  the  patient  at  the  time  of  operation  was 
moribund  and  none  of  the  Stafif  at  the  E.  E.  I.  who  saw  her, 
considered  that  she  could  possibly  live  over  three  or 
four  hours  and  I  myself  considered  it  more  than  probable 
that  she  would  die  during  the  etherization,  so  I  think  we 
may  safely  ascribe  her  recovery,  whatever  the  diagnosis 
may  be,  to  the  operation  performed. 

Discussion. 

Dr.  Edward  B.  Bench,  New  York:  In  the  early  '90's  I 
operated  on  a  case  for  brain  abscess.     I  did  not  find  the 
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abscess  but  put  in  a  drain  anyway,  the  man  got  well 
and  was  well  ten  years  later.  In  regard  to  meningitis 
operations,  I  spoke  at  the  International  Congress  at  Buda- 
Pesth  in  1909  and  this  procedure  was  mentioned.  A  large 
proportion  of  the  cases  get  well  when  the  primary  focus 
is  removed.  A  single  exposure  of  the  dura  is  often  sufili- 
cient.  We  get  no  decompression  by  exposure  of  the  dura, 
but  the  cases  get  well.  I  have  had  cases  with  turbid  fluid 
and  a  cell  count  of  1200,  yet  these  cases  recovered  after 
simple  exposure  of  the  dura.  I  did  an  operation  on  a  case 
with  meningeal  symptoms  and  blindness.  The  boy  came 
in  with  a  recurrent  mastoid,  and  he  got  well  after  exposure 
of  the  dura.  I  wish  to  make  the  point  that  Dr.  Crockett's 
patients  are  apparently  hopeless  yet  they  may  get  well 
from  operation.  I  think  it  is  a  mistake  for  the  otologist 
when  there  is  clear  evidence  of  meningitis,  not  to  take  a 
chance.  One  can  save  a  certain  number  by  operation,  and 
the  rest  of  the  patients  will  die  anyway.  By  hammering 
this  into  the  surgeon  you  can  reduce  the  morality  of  otitic 
meningitis. 

Dr.  Hugh  B.  Blackwell,  New  York:  Dr.  Crockett  did 
not  say  anything  about  stiff  neck  and  disturbance  of  speech: 
The  involvement  was  on  the  left  side.  This  illustrates  a 
point  which  has  been  mentioned.  When  you  discover 
fistula  in  the  internal  ear  it  would  seem  rational  procedure 
to  do  a  labyrinth  operation  of  some  sort.  It  would  seem 
justifiable  under  those  conditions.  The  traumatization  of 
the  cavity  in  neglected  cases,  such  as  by  packing,  burning, 
cauterization,  will  frequently  cause  a  cavity,  and  this 
illustrates  the  importance  of  opening  the  labyrinth  at  the 
time  of  operation.  The  patient  would  then  escape  secondary 
symptoms. 

Dr.  G.  E.  Shambaugh,  Chicago :  As  regards  the  question 
of  fistula,  I  am  not  clear  that  I  got  Dr.  Crockett's  meaning. 
Did  the  examination  disclose  the  existence  of  a  labyrinth 
fistula  or  was  the  labyrinth  dead?     If  the  test  disclosed 
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a  labyrinth  which  was  still  functionating,  one  of  course 
would  avoid  at  the  operation  anything  which  might  cause 
the  circumscribed  labyrinthitis  to  become  diffuse.  It  is  not 
possible  always  to  find  the  fistula  during  the  operation. 

Dr.  B.  Alex.  Randall.  Philadelphia :  When  a  noted 
foreigner  especially  interested  in  labyrinth  evisceration 
visited  my  clinic,  1  had  two  mastoid  cases  and  1  had  him 
operate  on  one.  I  carefully  reserved  for  myself  the  one 
that  had  labyrinth  symptoms — I  thought  that  she  was 
safer  in  my  hands.  She  recovered  completely  with- 
out labyrinth  operation.  In  cases  with  marked  laby- 
rinth symptoms  I  clear  away  any  tissue  about  the  fistula 
which  is  necrotic  and  make  no  attempt  to  disturb  the 
membranous  labyrinth.  One  had  better  be  conservative  in 
these  cases,  although  labyrinth  suppuration  often  causes 
cerebellar  abscess. 

Dr.  Wells  P.  Eagleton,  Newark :  I  am  obliged  to  answer 
all  these  questions.  These  gentlemen  have  had  suppurative 
meningitis  cases  with  organisms  free  in  the  spinal  fluid. 
I  instructed  Dr.  F.  Robbins  in  New  York  to  obtain  for  me 
all  the  cases  of  suppurative  meningitis  with  organisms  free 
in  the  spinal  fluid,  that  recovered.  We  found  all  these  cases 
were  not  Suppurative  meningitis  at  all.  They  were  pro- 
tective meningitis.  Dr.  Crockett  did  not  state  whether 
the  organisms  were  free  or  inculture.  If  not  free  they  did 
not  belong  to  the  type  one  is  looking  for.  I  went  to  the 
Boston  Library  to  look  up  all  the  available  information  and 
found  only  one  clearly  written  reference  on  the  subject. 
In  regard  to  Dr.  Crockett's  present  case, — with  20,000  cells 
in  the  spinal  fluid,  and  a  culture  of  diplococcus  in  the  smear, 
with  the  fluid  negative,  there  is  no  such  case.  Didn't  this 
woman  have  epidemic  spinal  meningitis?  That  is  why  it 
had  no  cells.  The  symptoms  did  not  come  from  the  ear  at 
all.  I  have  never  heard  of  20,000  cells  where  the  case 
recovered.  If  he  opened  the  labyrinth  and  then  did  a  local 
operation  he  had  exactly  the  condition  favorable.     He  had 
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a  suppurative  process  that  had  already  lighted  up  a  protec- 
tive meningitis  at  the  time  of  infection  of  the  cerebro- 
spinal system  by  the  micro-organisms.  These  cases  get 
well.  I  would  like  to  ask  one  question.  I  do  not  see  why 
the  local  operation  was  done.  The  case  was  brought  to 
the  hospital  quickly,  the  examination  was  made  and  the 
local  operation  performed.  Did  it  show  meningeal  symp- 
toms at  that  time  ? 

Dr.  Crockett  (closing :  I  will  answer  Dr.  Eagleton  first : 
I  think  it  was  a  matter  of  hospital  technic.  The  case  was 
not  properly  looked  over,  although  the  house  surgeon  was 
a  very  good  man.  The  case  should  not  have  had  a  local,  it 
should  have  had  a  cerebral  operation.  I  think  those  things 
happen  in  all  big  hospitals.  In  regard  to  Dr.  Eagleton's 
diagnosis, — I  had  a  hesitancy  in  making  a  diagnosis  on 
this  cases.  I  took  Dr.  Dwyer  on  one  side  and  got  his 
opinion,  and  told  him  how  we  made  the  culture.  We  took 
a  single  smear  from  the  fluid  and  cultured  the  test  tube. 
He  said  I  had  a  live  diplococcus.  but  that  one  must  use  one 
or  two  CCS.  of  spinal  fluid.  As  I  understood  him,  he  said 
these  organisms  are  partially  neutralized  by  the  bacter- 
icidal action  of  the  spinal  fluid  and  they  are  not  very  active. 
It  takes  plenty  of  fluid.  That  was  probably  the  trouble 
with  the  technic.  In  regard  to  opening  the  labyrinth, — 
I  think  that  they  were  entirely  wrong  in  this  particular 
case.  I  think  there  was  too  much  brilliant  operating.  They 
pretty  nearly  killed  the  patient.  If  they  had  done  the  laby- 
rinth operation  as  well  the  patient  could  not  have  stood 
it.  I  think  there  was  too  much  done  as  it  was.  In  regard 
to  Dr.  Shambaugh's  remark,  I  pretty  nearly  always  agree 
with  him,  but  in  this  instance  I  take  exception  to  his  view. 
In  answer  to  Dr.  Dench,  with  regard  to  cerebral  surgery 
I  am  radical,  but  in  labyrinth  surgery  I  am  conservative. 
Whether  the  patient  is  alive  or  dead  I  would  not  do 
labyrinth  operation.  I  believe  the  mortality  would  be 
less  if  you  left  the  labyrinth  alone.  The  recovery  rate 
will  be  due  to  one  or  two  things — either  to  the   internal 
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protective  mechanism  of  nature,  walling  oflf  the  meningitis. 
If  the  meningitis  is  already  set  up,  the  labyrinth  operation 
is  shutting  the  stable  door  after  the  horse  is  stolen.  It 
does  not  accomplish  anything  for  the  good  of  the  patient. 
That  is  a  very  conservative  point  of  view  in  regard  to 
labyrinth  surgery.  When  that  operation  first  was  done. 
I  analyzed  the  cases.  I  thought  I  hastened  the  death  of 
the  patient.  I  think  the  Boston  men  will  bear  me  out  in 
this  opinion.  It  does  not  make  any  difference  to  me 
whether  the  labyrinth  is  alive  or  dead.  In  this  case  the 
patient  was  nearly  dead  herself,  but  it  would  not  have 
influenced  the  operative  procedure  at  all.  It  was  a  question 
of  the  most  logical  procedure  to  be  followed.  In  another 
successful  case  the  patient  was  nearly  dead  and  at  dehis- 
cence of  the  otitis  of  the  tympanum.  I  did  trephining  ami 
opening  the  dura  with  decompression.  Four  weeks  later 
a  local  mastoid  was  done.  I  considered  it  a  wise  thing  to 
do  a  decompression  first  and  then  later  the  local  mastoid. 
I  have  followed  that  procedure  with  success.  I  think  it 
is  logical.  I  think  the  reason  the  otologist  does  not  have 
success  is  in  the  cerebral  surgery.  He  treats  the  case 
primarily  as  an  otologist  and  secondly  as  a  surgeon.  He 
does  the  radical  mastoid  first,  and  later  does  the  cerebral 
operation  through  the  mastoid  cavity.  This  is  a  mistake. 
That  is  an  error  of  the  otological  surgeon.  He  must  get 
away  from  that.  The  cerebral  operation  should  be  done 
entirely  independent  of  the  mastoid  condition. 


LIQUID  MOTION  IN  THE  CANALS  OF  THE  EAR. 

By  PAUL  R.  HEYL,  Ph.  D.,  Bureau  of  Standards,  Washington,  D.  C. 

In  November  1921  the  Bureau  of  Standards  was  asked 
to  give  its  opinion  regarding  the  possibility  of  liquid  motion 
taking  place  in  very  small  tubes,  such  as  the  canals  of  the 
ear,  under  conditions  of  acceleration  such  as  might  be 
produced  by  revolving  the  subject  in  a  chair  at  the  rate 
of  one  revolution  per  second  or  less.  The  question  being 
one  in  controversy  among  physicians  and  physiologists, 
and  being  in  essence  physical,  the  Bureau  regarded  the 
matter  as  a  proper  subject  for  its  consideration. 

It  has  long  been  known  that  the  labyrinth  of  the  inner 
ear  is  concerned  in  some  way  with  the  preservation  of 
bodily  equilibrium,  and  that  sea-sickness  and  vertigo  have 
their  origin  in  disturbances  to  which  the  nerve  system  of 
the  labyrinth  is  subjected.  The  great  development  of 
aviation  during  the  war  brought  this  subject  into  promi- 
nence. Thousands  of  candidates  for  a  pilot's  license  were 
subjected  to  the  Barany  revolving  test  to  determine  the 
adequacy  of  their  sense  of  balance,  or  what  is  commonly 
called  among  aviators  the  ability  to  "feel  the  ship". 

As  an  outgrowth  of  the  vast  amount  of  practical  work 
that  was  thus  done  it  developed  that  there  was  no  general 
agreement  among  physicians  and  physiologists  as  to  the 
exact  mechanism  of  this  equilibrating  sense.  Though  the 
point  may  be  regarded  by  some  as  one  of  purely  theoretical 
interest,  it  was  indisputably  a  point  in  which  our  knowledge 
lacked  completeness.  And,  as  it  will  be  seen  later,  it  turned 
out  that  the  answer  to  this  question  unexpectedly  proves 
to  be  of  practical  value  in  certain  surgical  operations. 

The  prevailing  view  among  physicians  up  to  the  close 
of  the  recent  war  was  that  the  endolymph  filling  the 
membranous  labyrinth  was  caused  to  move  or  circulate 
in  the  canals  by  the  bodily  motion  of  the  subject,  and  that 
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this  circulatory  motion  stimulated  the  nerve  endings  in  the 
labyrinth,  giving  rise  to  the  characteristic  nystagmus  of 
the  eyes  and  to  the  past-pointing  and  falling  reactions. 
That  a  stimulus  of  the  labyrinthine  nerve  endings  was 
competent  to  cause  these  bodily  phenomena  was  well 
understood.  The  difference  of  opinion  was  as  to  the  mech- 
anism of  this  stimulus. 

Probablv'  nothing  contributed  more  toward  the  general 
acceptance  of  this  circulation  hypothesis  than  the  relative 
position  of  the  canals  themselves.  Three  in  number,  and 
arranged  nearly  in  mutually  perpendicular  planes,  their 
orientation  suggested  that  they  in  some  way  resolved  an 
impulse  into  its  components.  So  obvious  was  this  sugges- 
tion that  those  who  upheld  the  circulatory  hypothesis  were 
prepared  to  go  to  any  length  necessary  in  the  way  of 
assuming  extreme  sensitivity  for  the  nerves  involved  in 
the  perception  of  what  they  admitted  must  be,  from  the 
size  of  canals  and  the  moderate  accelerations  involved,  a 
circulation  of  very  small  magnitude. 

The  revolving  chair  test,  as  usually  applied,  consists  of 
not  more  than  10  revolutions  in  as  many  seconds,  followed 
by  a  sudden  stop.  There  is  produced  in  consequence,  in 
normal  subjects,  a  nystagmus  of  the  eyes  and  a  sensation  of 
dizziness  lasting  for  about  20  seconds.  The  diameter  of 
the  canals  of  the  membranous  labyrinth  is  a  minor  fraction 
of  a  millimeter,  and  the  diameter  of  the  semicircle  of  the 
canal  is  usually  less  than  one  centimeter.  The  opponents 
of  the  circulation  hypothesis,  beside  denying  the  possibility 
of  the  small  acceleration  ordinarily  used  producing  a  lasting 
current  of  20  seconds  in  so  small  a  tube,  added  to  the  force 
of  their  argument  by  pointing  out  that  the  canals  of  either 
ear  were  eccentrically  located  with  reference  to  the  usual 
axis  of  rotation  (the  spinal  column)  the  average  distance 
from  the  center  of  rotation  being  something  like  four  or 
five  times  the  diameter  of  the  semicircle  constituting  the 
canal,  and  that  consequently  any  tendency  to  produce 
circulation  in  the  canals   must  be  of  a   small   differential 
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order.  Constructively,  they  pointed  out  that  this  eccen- 
tricity in  rotation  was  excellently  fitted  to  produce  inertia 
effects,  resulting  in  changes  of  pressure  or  tension  in  the 
membranous  labyrinth. 

In  addition  to  the  revolving  chair  test,  physicians  were 
accustomed  to  applying  a  douche  of  warm  or  cold  water 
to  the  outer  ear,  which  produced  a  nystagmus  similar  to 
that  produced  by  rotation.  This  was  explained  by  the 
supposition  that  circulatory  convection  currents  were  set 
up  in  the  labyrinth  of  the  inner  ear.  There  being  always 
a  lapse  of  a  considerable  fraction  of  a  minute  between  the 
first  application  of  the  douche  and  the  appearance  of  the 
eye-reaction,  a  time  sufficient  for  the  conduction  of  heat 
from  the  outer  to  the  inner  ear.  but  much  greater  than 
that  of  the  velocity  of  any  known  afferent  and  efferent 
nerve  action,  the  circulation  hypothesis  received  additional 
support  from  this  phenonenon,  as  no  acceleration  was 
involved  in  the  test,  and  therefore  no  question  of  inertia 
and  pressure  could  arise. 

Let  it  now  be  stated  that  the  Bureau  of  Standards  has 
been  able  to  contribute  nothing  toward  a  solution  of  the 
controversy.  The  solution,  as  will  shortly  be  seen,  has  been 
reached  by  the  work  of  the  physiologist  Maxwell^.  The 
present  report  is  largely  a  resume  and  digest  of  work 
which  has  been  done  by  others  on  the  subject ;  but  there 
is  added  to  this  an  account  of  some  experiments  the  results 
of  which  confirm  the  views  of  those  who  maintain  that 
circulation  in  any  perceptible  degree  is  impossible.  Con- 
siderable space  has  been  given  to  the  discussion  of  the 
work  that  has  been  done  by  Maxwell  and  others,  as  such 
a  resume  is  not  without  value  to  the  busy  practitioner. 

Experimental  work  has  not  been  lacking  on  this  question; 
but  until  the  past  three  years  the  results  of  such  experi- 
ments have  been  contradictory  and  confusing.  Two  main 
lines  of  experiment  have  been  followed  :  to  construct  models 
of  the  labyrinth  and  attempt  to  observe  motion  of  viscous 
liquids  with  which  they  were  filled ;  and  direct  experiment 
on  animals   by   elimination   of   either   the   labyrinth   itself 
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or  the  severing  of  the  nerve  concerned  in  the  receipt  and 
transmission  of  the  stimulus. 

Models  of  the  labyrinth  have  been  constructed  and. 
studied  1)y  G.  Rossi^ ;  Marcus  Maier  and  Hans  IJon^ ;  S.  S. 
Maxwell  and  W.  F.  Hoyt^*^;  and  by  the  Bureau  of  Standards. 
In  the  case  (2)  a  positive  result  v^^as  reported;  in  case  (v3) 
it  was  merely  claimed  that  the  presence  of  such  motion 
(arising  from  acceleration)  was  "a  safe  assumption" ;  in 
the  case  of  Hoyt's  experiments  and  in  those  of  this  Bureau 
a  negative  result  (for  the  customary  accelerations)  was 
reached. 

Equally  contradictory  were  the  results  reported  in  direct 
experiments  on  animals  previous  to  the  work  of  Maxwell. 
Reference  to  these  experiments  are  to  be  found  in  Max- 
well's articles  (1). 

In  Maxwell's  articles,  to  which  reference  has  been  made, 
there  are  described  experiments  on  fishes  from  which  the 
labyrinthine  system  had  been  extirpated  in  wdiole  or  part. 
The  following  results  were  obtained : 

1.  Bbth  the  static  and  dynamic  functions  of  equilibrium 
continue  after  complete  removal  of  all  the  semicircular 
canals  and  all  the  ampullae. 

2.  Both  static  and  dynamic  functions  of  equilibrium 
continue  after  removal  of  the  otoliths  only. 

3.  In  each  of  the  foregoing  cases  the  reactions  were 
noticeably  weaker  than  when  both  systems  (otoliths  and 
ampullae)  are  unimpaired  in  function.  The  two  systems 
therefore  reinforce  one  another  independently. 

4.  Destruction  of  both  the  semicircular  canal  system 
and  the  otolith  organs  completely  abolishes  all  compensar 
tory  movements  and  equilibrium  reactions  of  labyrinthine 
origin. 

5.  The  various  reflex  eye  movements  accompanying 
bodily  rotation  can  be  produced  by  applying  pressure  or 
tension  to  the  nerve  regions  of  the  membranous  labyrinth. 

In  brief,  Maxwell  has  definitely  located  the  mechanism  of 
equililjrium  in  the  enlarged  portions  of  the  labyrinth  rather 
than   in   the   constricted  canals,   and   has   shown   that   the 
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apparatus  concerned  with  equilibrium  is  provided  in  dupli- 
cate independent  forms.  The  nerve  stimulus  in  question 
may  arise  either  from  circulation  in  these  enlarged  portions 
or  from  change  of  tension  produced  by  inertia-displacement 
under  acceleration. 

It  has  been  pointed  out  by  Dr.  Edward  G.  Seibert  of 
Washington,  D.  C.  that  such  a  duplication  of  equilibratory 
apparatus  as  announced  by  Maxwell  is  a  fact  of  importance 
in  certain  operations  in  the  region  of  the  ear.  The  surgeon 
may  hesitate  to  push  the  operation  as  far  as  conditions 
indicate  as  desirable  if  he  fears  injuring  the  canals  and 
thereby  destroying  the  sense  of  equilibrium ;  but,  if  Max- 
well's conclusions  are  confirmed,  this  fear  is  groundless. 

Other  experimenters  have  extirpated  the  canal  system 
with  contradictory  results.  Maxwell  points  out  a  possible 
source  of  this  confusion.  He  began  recording  the  results 
of  his  experiments  immediately  after  the  removal  of  the 
•canals,  and  continued  his  observations,  in  some  cases,  for 
two  days.  He  found  that  the  sense  of  equilibrium,  nearly 
normal  immediately  after  the  operation,  gradually  dimin- 
ished, and  in  one  case  had  practically  disappeared  in  24 
hours.  By  the  second  day  this  fish,  being  in  a  moribund 
state,  was  killed  for  autopsy,  which  disclosed  blood  clots  in 
each  vestibule.  Had  he  assumed  that  on  account  of  shock 
observations  made  on  the  day  of  operation  would  be 
unreliable,  and  had  he  waited  until  the  following  day,  it 
would  have  appeared  that  the  loss  of  the  canals  abolished 
the  compensatory  movements,  which  is  obviously  not  true ; 
for  when  immediately  following  the  destruction  of  an 
organ  a  function  is  clearly  retained  it  is  indisputable  proof 
that  at  least  that  organ  is  not  the  only  one  which  can 
perform  the  function. 

For  the  precautions  taken  against  retinal  stimulation 
the  original  papers  should  be  referred  to. 

With  reference  to  the  question  which  naturally  arises 
as  to  the  specific  function  of  the  canals,  especially  in  view 
of  their  suggestive  spatial  arrangement.  Maxwell  remarks 
that  it  is  possible  that  the  canals  may  serve  as  equalizers 
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of  liquid  pressure  in  a  way  analogous  to  the  function  of 
the  Eustachian  tube  in  equalizing  air  pressures;  that, 
indeed,  if  the  ampullae  were  merely  diverticulae  from  the 
vestibule  it  is  conceivable  that  pressure  conditions  could 
arise  in  them  which  might  seriously  affect  their  functioning. 

Maxwell  refers  also  to  the  nystagmus  produced  by  heat 
and  cold  stimulation,  and  remarks  as  follows  : 

"The   fact can  be   explained  perfectly   without 

assuming  an  unbelievable  flow  of  liquid  in  the  semicircular 
canals.  If  the  temperature  difference  can  cause  convection 
currents  in  the  inner  ear  at  all  under  the  conditions  existing 
in  such  an  experiment,  it  is  certainly  more  reasonable  to 
suppose  that  such  movements  of  convection  would  arise  in 
the  mass  of  liquid  contained  in  the  vestibule  than  in  the 
much  smaller  space  of  the  canals  where  the  friction  would 
more  readily  overcome  the  tendency  to  movement.  These 
considerations  would  not  in  the  least  invalidate  the  diag- 
nostic use  which  Barany  has  made  of  the  phenomena,  but . 
they  do  supply  a  rational  explanation  of  its  causation." 

This  excellent  work  of  Maxwell  leaves  little  to  be  done 
except  in  the  way  of  confirmation.  This  the  Bureau  of 
Standards  is  not  equipped  to  do,  either  as  regards  personal 
or  material  facilities,  as  far  as  physiological  experiment  is 
concerned.  It  has  been  possible,  however,  to  confirm  the 
non-existence  of  circulation  in  the  canals,  and  a  brief 
description  of  these  experiments  may  not  be  uninteresting. 

Into  the  face  of  a  piece  of  glass  of  the  length  and 
breadth  of  a  microscope  slide,  but  about  half  a  centimeter 
thick,  there  was  ground  (and  polished)  a  small  circular 
channel  7  mm  in  depth.  At  one  point  of  this  channel  there 
was  a  ground  and  polished  enlargement  or  vestibule  5  mm 
diameter  and  3  mm  deep  (Fig.  1).  Such  a  channel  corre- 
sponds approximately  in  size  to  one  of  the  canals  of  the 
osseous  labyrinth.  The  canals  of  the  membraneous  laby- 
rinth have  about  one-third  the  area  of  those  of  the 
surrounding  osseous  labyrinth,  but  for  convenience  of 
construction  and  experiment  the  larger  dimensions  were 
adopted.     If  not  circulation  is  perceptible  in  canals  of  this 
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size,  it  follows  a  fortiori  that  none  can  be  assumed  in  the 
smaller  size. 

The  enlarged  depression  was  tilled  with  a  drop  or  two 
of  water  and  a  microscope  slide  was  slid  in  position  as.  a 
cover,  being  held  in  place  by  the  capillary  film  of  liquid 
between  the  glass  surfaces. 

As  an  indicator  of  motion  it  was  found  that  very  minute 
bubbles,  about  O.  1  mm  diameter,  served  well,  if  the  glass 
parts  were  clean.  Under  these  conditions  no  perceptible 
adhesion  of  the  bubble  for  the  glass  was  noticed,  the 
enclosed  liquid  acting  as  a  sensitive  level.  By  a  little 
practice   in   sliding  on   the   cover   one   or   two  bubbles,   as 
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might  be  desired,  could  be  introduced,  and  by  careful  tilting 
brought  to  any  desired  part  of  the  canal. 

The  glass  plate  was  mounted  on  a  wooden  base,  secured 
to  it  by  wax  (Fig.  2).  In  the  bottom  of  the  wooden  base 
were  drilled  holes  1,  2.  3.  (Fig.  2).  The  hole  2  was  centrally 
located  with  respect  to  the  canal ;  holes  1  and  3  at  a  distance 
of  3.5  cm.  on  either  side.  By  means  of  these  holes  the 
apparatus  could  be  mounted  on  a  pivot  and  rotated  by  the 
finger  with  the  canal  either  centrally  or  eccentrically 
situated  as  desired.  With  the  center  of  rotation  at  either 
1  or  3  we  have  approximately  the  conditions  under  which 
the  head  is  rotated  in  the  revolving  chair. 
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With  a  single  bubble  in  position  a  (Fig.  3)  and  the  pivot 
in  position  2,  the  system  was  started  slowly  in  rotation, 
gradually  increasing  in  speed,  and  finally  given  10  turns  in 
10  seconds,  followed  by  a  sudden  stop.  No  perceptible  shift 
of  the  bubble  was  observable  in  many  repetitions  of  this 
experiment. 

Changing  the  pivot  to  position  3,  and  rotating  at  one 
revolution  per  second,  the  bubble  was  seen  to  move  slowly 
towards  the  enlargement,  that  is,  toward  the  center  ot 
rotation.  This  occured  no  matter  in  which  direction  the 
rotation  took  place.  Repeating  the  experiment  with  the 
center  at   1,  the   bubble   moved   away   from   the   vestibule 
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toward  the  center  of  rotation;  and  again  the  result  was 
independent  of  the  direction  of  rotation. 

Two  bubbles  were  now  introduced  and  brought  by  tilting 
into  the  positions  a,  b  (Fig.  3).  Rotation  about  center  3 
caused  both  bubbles  to  move  simultaneously  toward  the 
enlargement,  finally  entering  it,  and  eventually  seeking  that 
side  of  the  cavity  nearest  the  center  of  rotation. 

Resetting  two  more  bubbles  again  in  position  a,  b,  and 
rotating  about  center  1,  both  bubbles  moved  from  the 
enlargement,  met  and  remained  stationary  at  the  opposite 
side  of  the  canal,  from  the  vestibule,  nearest  the  center  of 
rotation.  These  results  were  independent  of  the  direction 
of  rotation,  or  in  other  words,  signless. 
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It  is  evident  that  we  are  not  dealing  here  with  a  circuit 
tion,  as  no  circulation  can  be  a  signless  quantity,  nor  cause 
iwo  bubbles  to  approach  each  other  from  opposite  sides  of 
a  closed  circular  canal.  The  cause  of  these  motions  of  the 
Dubbles  is  the  centrifugal  effect  of  revolution,  which  tends 
to  throw  the  heavier  substance  (water)  radially  outward; 
and  in  consequence  force  the  lighter  substance  (air  bubbles) 
inward. 

Now  the  various  physiological  phenomena  produced  by 
rotation  of  the  subject  change  sign  with  the  direction  ot 
rotation.  It  is  evident  therefore  that  such  phenomena  as 
are  observable  in  the  model  canal  under  moderate  rotation 
play  no  part  Jn  causing  the  Barany  reactions ;  and  it  may 
be  further  stated  that  no  phenomenon  capable  of  causing 
chese  reactions  is  perceptible  at  the  speed  of  rotation 
commonly  employed  in  practice. 

It  is  further  to  be  remarked  that  this  centrifugal  effect, 
being  radial  in  direction,  in  no  way  interferes  with  or 
contributes  to  the  tangential  intertia-displacement  of  the 
vestibule  to  which  Maxwell  ascribes  the  origin  of  the 
Barany  reactions. 

To  repeat  these  tests  under  extreme  conditions,  the  water 
111  the  apparatus  was  replaced  by  mercury,  whose  density 
(and  inertia)  are  over  13  times  that  of  water,  and  whose 
idhesion  for  glass  is  negligibly  small  compared  to  that  of 
water.  Only  enough  mercury  was  used  to  partly  fill  tht 
canal  (Fig.  4).  Rotation  about  1  as  a  center,  if  the  mercury 
column  was  symmetrically  placed  with  reference  to  the 
line  1.  2.  produced  no  result;  but  if  the  column  was  slightly 
askew  the  rotation  increased  the  dissymmetry,  finally 
throwing  all  the  mercury  into  the  vestibule.  Rotation 
about  3.  with  an  unsymmetrical  column,  restored  the  column 
to  a  symmetrical  position  as  far  as  possible  from  the  center 
of  rotation. 

Rotation  about  2  at  the  rate  of  one  revolution  a  second 
for  10  seconds,  followed  by  a  sudden  stop  produced  no 
perceptible  shift  of  the  mercury  column. 


228  HETL. 

As  a  result  of  these  experiments  with  water  and  mercury, 
we  may  conclude  that  no  appreciable  circulation  of  liquid 
takes  place  in  the  semicircular  canals  of  the  membranous 
labyrinth  under  the  conditions  of  speed  and  eccentricity 
as  usually  applied  in  medical  practice. 

Bureau  of  Standards, 

(Signed)  L.  J.  B. 
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SOME  RESULTS  OF  EXPERIMENTAL  WORK  ON 
THE  DIFFERENTIATION  OF  FUNCTIONS  WITHIN 
THE  LABYRINTH. 

By  S.   S.   MAXWELL,  University  of  California,    (By  invitation). 

In  the  cartilaginous  fishes  it  is  comparatively  easy  to 
stimulate  or  to  extirpate  diflferent  parts  of  the  labyrinth 
with  relatively  little  injury  to  other  parts;  for  this  reason 
the  selachians  are  the  best  animals  in  which  to  study  the 
differentiation  of  functions  of  the  ampullae  and  the  otoliths. 
These  fishes  present  another  advantage  in  that  their  com- 
pensatory movements  in  response  to  rotations  in  the  various 
planes  are  extremely  regular  and  precise. 

It  can  be  shown  in  the  dogfish  that  rotation  in  the  plane 
of  any  semi-circular  canal  causes  a  definite  set  of  move- 
ments of  eyes  and  fins,  and  that  the  same  movements  are 
excited  if  the  ampulla  of  that  canal  is  artificially  stimulated 
(mechanically  or  electrically).  Thus  rotation  to  the  right 
in  the  horizontal  plane  (around  the  dorsoventral  axis  of  the 
body)  causes  both  eyes  to  deviate  to  the  left ;  stimulation 
of  the  right  horizontal  ampulla  causes  the  same  movement. 
Rotation  to  the  right  around  the  longitudinal  body  axis,  so 
that  the  right  side  inclines  downward  and  the  left  side 
upward,  causes  an  upward  deviation  of  the  right  eye  and 
downward  of  the  left.  These  deviations  are  also  seen  when 
the  ampulla  either  of  the  right  anterior  vertical  or  right 
posterior  vertical  canal  is  stimulated.  But  stimulation  of 
the  anterior  vertical  ampulla  causes,  in  addition  to  the 
vertical  deviation,  a  backward  rotation  around  the  visual 
axes,  while  stimulation  of  the  posterior  vertical  ampulla 
causes  a  rotation  forward  around  the  visual  axes. 

The  above  observations  of  Lee  (1)  and  others  seemed 
to  confirm  the  hypothesis  that  the  semi-circular  canals 
with  their  ampullae  are  the  organs  of  the  dynamic  functions 
of  the  labyrinth  and  that  it  is  through  their  stimulation 
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that  compensatory  movements  are  excited.  I  have  been 
able,  however,  to  remove  the  ampullae  from  the  dog-fish  ear 
without  injuring  the  otoliths,  and  have  found  that  in  the 
absence  of  all  six  ampullae  and  canals,  the  normal  compen- 
satory movements  of  the  eyes  and  fins  are  made  to  rota- 
tions in  all  planes  except  the  horizontal  (2).  If  now  the 
otoliths  also  are  destroyed  the  compensatory  functions  of 
the  labyrinth  totally  disappear. 

Removal  of  the  otoliths  without  injury  to  the  ampullae 
is  also  possible  in  the  dog-fish.  If  the  otoliths  are  removed 
without  injury  to  the  other  vestibular  structures,  normal 
compensatory  motions  occur  to  rotations  around  the  trans-  ■ 
verse  and  the  longitudinal  l>ody  axes.  The  only  pronounced 
difference  between  the  results  of  removal  of  all  the  ampullae 
and  removal  of  all  the  otoliths  is  this,  that  the  animal 
without  otoliths  shows  normal  compensatory  motions  to 
rotations  in  all  planes ;  the  animal  without  ampullae  shows 
normal  compensatory  motions  to  rotations  in  all  planes 
except  the  horizontal. 

In  the  preceding  paragraphs  I  have  said  that  "normal" 
compensatory  movements  occur  after  loss  of  otoliths  only 
or  of  the  ampullae  only.  This  statement  should  be  modified 
by  mention  of  the  fact  that  in  both  cases  the  reactions  are 
slower  and  less  vigorous  than  in  the  uninjured  animal. 
This  raises  the  question  whether  in  addition  to  their 
equilibrium  functions  the  nervous  structures  of  the  laby- 
rinth have  also  tonus  efifects,  and  if  so  do  these  tonus  eflfects 
originate  in  the  ampullae  as  Ewald  (3)  believed,  or  in  the 
otolith  organs  as  the  work  of  de  Kleijn  and  Magnus 
seems  to  show. 

If  we  remove  the  three  ampullae  from  one  ear  of  a 
dogfish,  the  animal  maintains  an  unsymmetrical  position 
of  the  eyes  and  fins,  a  position  which  is  practically  the  same 
as  that  which  occurs  after  total  destruction  of  one  laby- 
rinth. If  nov^'  the  three  ampullae  are  removed  from  the 
other  ear,  the  asymmetry  disappears.  It  can  be  shown 
from    this    and    other    experiments    that    the    ampullae    do 
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exert  a  continuous  tonic  effect  upon  certain  muscle  groups, 
and  that  these  effects  are  unsymmetrically  distributed  so 
that,  for  example,  the  ampullae  of  the  right  ear  influence 
particularly  the  muscles  which  elevate  the  right  eye  and 
those  which  lower  the  left  eye.  We  can  thus  definitely 
affirm  the  existence  of  a  tonic  influence  of  the  ampullae. 

If  we  destroy  the  otoliths  of  one  ear,  only  little  or  no 
asymmetry  of  eyes  or  fins  is  to  be  seen.  It  might  be 
inferred  from  this  that  the  maculae,  unlike  the  cristae, 
are  without  influence  on  muscle  tonus.  But  the  matter  is 
not  so  simple,  as  can  be  seen  by  comparing  stimulation 
experiments  on  the  ampullae  and  on  the  otoliths.  When 
we  stimulate  the  ampulla  of  the  right  anterior  vertical 
canal,  the  right  eye  goes  up,  the  left  eye  goes  down,  and 
both  eyes  roll  forward  on  their  axes.  But  we  cannot 
stimulate  this  ampulla  in  any  way  which  will  cause  these 
movements  to  be  in  the  reverse  direction.  Stimulation  of 
a  macula,  on  the  other  hand,  can  cause  movements  in  both 
directions  (4).  This  can  be  very  beautifully  seen  in  the 
shovel-nosed  ray.  When  we  press  directly  downward  upon 
the  right  side  of. the  otolith  of  the  decessus  utriculi,  the 
right  eye  goes  down  and  the  left  eye  goes  up ;  when  we 
press  upon  the  left  side  of  the  recessus,  the  left  eye  goes 
down  and  the  right  eye  goes  up.  The  results  are  the  same 
no  matter  whether  we  stimulate  the  recessus  of  the  right 
or  of  the  left  ear,  or  if  we  have  first  destroyed  the  otoliths 
of  one  ear  before  stimulating  the  other.  This  shows 
that  the  connections  of  the  maculae  with  the  muscles  are 
symmetrical,  and  hence  our  asymmetrical  operations  do 
not  prove  the  absence  of  tonic  influence  by  the  absence  of 
asymmetry  of  position  after  destruction  of  the  otoliths  of 
one  ear. 

Stimulation  of  the  otolith  of  the  recessus  utriculi  leads 
to  other  interesting  results.  By  the  manipulation  of  this 
one  otolith  the  eyes  may  be  caused  to  rotate  forward  on 
their  axes,  backward  on  their  axes,  right  eye  up  and  left 
down,  or  the  reverse.     Since  all  these  movements,  move- 
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ments  which  are  the  normal  compensations  to  bodily 
rotations  both  to  right  and  left  around  the  longitudinal 
body  axis,  and  head  downward  and  upward  around  the 
transverse  axis,  can  be  obtained  from  this  one  otolith,  there 
remains  no  need  for  the  apriori  conception  that  each 
otolith  functions  for  movements  in  one  direction  only  or 
in  one  plane  only.  In  the  dogfish  destruction  of  the  otoliths 
of  the  sacculus  and  lagena  has  no  apparent  effect  on 
equilibrial  functions. 

Destruction  of  the  single  otoliths  does  not  seem  to  be 
possible  in  the  higher  vertebrates,  but  de  Kleijn  and 
Magnus  (5)  have  been  able  by  a  method  first  discovered 
by  Wittmaack  (6)  to  cause  a  general  destruction  of  the 
otolith  organs  while  apparently  leaving  the  ampullar 
endings  uninjured.  Guinea  pigs  were  subjected  to  extremely 
rapid  centrifugalization  causing  a  disruption  of  the  otolith 
membrane,  which  could  be  demonstrated  histologically. 
These  guinea  pigs  retained  the  ability  to  respond  to  rota- 
tions by  the  usual  compensatory  motions,  but  the  compen- 
satory positions  were  not  retained.  In  the  latter  respect 
the  results  differ  from  my  observations  on  dogfish  with 
otoliths  destroyed. 

My  experiments  on  the  otoliths  show  also  that  pressure 
is  not  the  stimulus  for  the  macula.  Not  the  weight  of  the 
otolith,  but  the  tension  change  caused  by  the  displacement 
or  change  of  position  of  the  otolith,  is  the  stimulus. 
Curiously  enough,  de  Kleijn  and  Magnus  (7)  have  arrived 
at  practically  the  same  conclusion  by  a  totally  different 
method.  They  have  shown  that  in  the  rabbit  the  maximal 
tonic  effect  of  the  otolith  occurs  not  when  it  presses  upon 
the  macula,  but  when  it  is  suspended  from  the  macula. 

This  discovery  was  all  the  more  interesting  because  I 
had  already  found  that  the  mechanism  of  stimulation  of 
the  ampullae  depends  also  upon  this  principle  (8).  When 
the  head  performs  a  rotational  movement,  the  inertia  of 
the  mass  of  liquid  in  the  vestibule  exerts  a  pull  upon  the 
attachment  of  the  membranous  canal  to  the  utriculus,  and 
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the  tension  is  communicated  to  the  crista.  This  is  shown 
by  the  fact  that  after  cutting  across  the  utriculus  near 
the  entrance  of  the  horizontal  canal  no  reaction  occurs  to 
rotation  in  the  horizontal  plane,  although  the  ampulla 
remains  as  sensitive  as  ever  to  mechanical  or  electrical 
stimulation.  It  is  a  striking  fact  that  cutting  the  canal 
between  the  ampulla  and  the  vestibule  puts  the  ampulla 
completely  out  of  function,  but  cutting  the  canal  on  the 
other  side  of  the  ampulla  does  not  in  the  least  interfere 
with  its  activity.  This  fact  alone  would  show  that  the 
normal  stimulus  of  the  crista  is  not  an  endolymph  current 
in  the  canal.  Maier  and  Lion  (9)  have  recently  shown  that 
under  certain  conditions  inertia  currents  can  be  produced 
in  a  model  with  canals  of  approximately  the  caliber  of 
those  in  the  human  ear,  and  they  have  assumed  this  to  be 
proof  that  the  adequate  stimuli  for  the  cristae  are  endo- 
lymph currents.  Their  observations  do  not  justify  such  a 
conclusion.  Furthermore,  I  have  shown  that  the  canals 
may  be  cut  or  plugged  or  ligatured  or  they  may  be  artifi- 
cially moved  out  of  their  normal  planes  without  interfering 
with  their  functions.  The  conception  of  currents  as  the 
cause  of  the  excitation  of  the  cristae  is  not  supported  by 
the  facts. 

Permit  me  to  add  in  conclusion  a  general  remark.  A 
working  hypothesis  based  upon  a  priori  consideration  can 
be  very  useful  as  a  program  for  experimental  investigation, 
but  it  can  be  very  misleading  if  drawn  upon  as  "an  explana- 
tion". The  history  of  research  on  the  labyrinth  shows  that 
there  has  often  been  an  undue  dependence  on  a  priori 
conclusions.  In  going  through  the  enormous  literature  of 
the  subject,  one  is  impressed  at  times  with  the  remarkable 
unanimity  of  the  results  obtained  and  the  conclusions 
reached  in  certain  geographical  regions.  We  shall  proceed 
more  safely  and  no  less  rapidly  if  we  seek  for  facts  rather 
than  for  explanations.  An  explanation  after  all  merely 
states  that  some  facts  are  similar  to  or  are  related  to  some 
other  facts. 
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SENSIBILITY  OF  PATHOLOGICAL  EARS  TO  SMALL 
DIFFERENCES  OF  LOUDNESS  AND  PITCH.    ' 

By  V.  O.  KXUDSEN  and  GEO.  E.  SHAMBAUGH,  M.  D.,  Chicago,  111. 

Introduction. 

This  is  a  preliminary  report  of  an  investigation  under- 
taken in  the  Department  of  Physics  at  the  University  of 
Chicago  and  which  is  of  interest  to  otologists.  It  is  an 
effort  to  determine  the  sensibility  of  the  ear  to  small 
differences  of  loudness  and  pitch.  Another  investigation 
undertaken  by  Mr.  Minton  in  the  same  laboratory  has 
aimed  to  determine  the  minimum  audibility  of  tones.  The 
latter  work  is  to  be  discussed  at  this  meeting  by  Dr.  Wilson. 
Both  investigations  have  made  use  of  the  method  of 
charting  graphically  the  results  which  renders  the  study 
of  their  findings  more  simple. 

The  primary  interest  which  these  researches  so  far  have 
had  for  the  otologist  is  the  side-light  which  they  throw  on 
the  physiology  of  tone  perception.  Quite  apart  from  this 
interest  the  question  naturally  arises  whether  the  results 
of  this  work  may  not  be  found  to  be  of  some  practical 
value  in  solving  the  clinical  problems  with  which  the  otolo- 
gist is  confronted.  Research  is  usually  undertaken  without 
a  thought  as  to  any  practical  application.  Where  such 
application  is  feasible  this  fact  soon  becomes  apparent. 
These  researches  are  not  peculiar  in  that  they  do  not  aim 
to  solve  our  clinical  problems.  Whether  practical  appli- 
cation can  be  made  of  these  tests  is  a  question  for  the 
otologist  to  work  out.  It  is  a  question  of  no  small 
importance.  Any  additional  aid  in  our  work  is  readily 
welcomed.  The  question  is  of  special  importance  since 
there  has  been  some  discussion  of  a  plan  for  establishing 
laboratories  to  which  clinicians  should  send  their  patients 
to  have  these  tests  made  and  for  which  the  patient  should 
be  charged  a  fee,  somewhat  as  is  being  done  in  X-ray  work. 
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Such  a  plan  if  carried  out  should  have  the  sanction  of  the 
otologist. 

In  order  to  be  able  to  formulate  a  conclusion  as  to  a 
practical  application  of  these  tests,  it  is  of  primary  impor- 
tance that  we  have  a  clear  conception  of  our  clinical 
problems  lest  we  be  led  into  confusing  a  study  which  may 
be  purely  of  scientific  interest  with  something  quite  differ- 
ent. As  regards  the  clinical  problems  involved  in  the 
hearing  tests,  the  first  question  is  concerned  with  disting- 
uishing cases  where  there  is  some  possibility  of  improve- 
ment by  treatment  from  those  where  from  our  knowledge 
of  pathology  it  is  quite  clear  that  treatment  could  be  of  no 
assistance.  I  do  not  believe  that  this  diagnosis  presents 
any  particular  difficulty  for  the  experienced  otologist.  It 
is  ordinarily  rather  easy  to  determine  this  by  other  simpler 
methods  of  examination.  I  have  not  been  able  to  make 
out  as  yet  that  its  solution  is  materially  assisted  by  these 
additional  tests.  Still  it  is  possible  that  something  may  yet 
be  worked  out  along  this  line.  Another  practical  use  which 
is  made  of  the  functional  tests  of  hearing  is  for  determining 
what  improvement,  if  any,  is  resulting  from  treatment  of 
defective  ears.  This  subject  has  received  a  good  deal  of 
attention  in  the  past.  The  conclusion  usually  reached  has 
been  that  the  voice  tests  are  superior  to  other  methods, 
mainly  because  we  are  primarily  interested  in  securing 
improvement  in  the  hearing  for  the  spoken  voice  and 
because  it  is  well  known  that  there  need  be  no  distinct 
relation  between  the  ability  to  hear  the  voice  and  the 
hearing  for  some  mechanical  device,  such  as  the  watch  and 
the  various  tuning  forks.  Tests  showing  the  entire  tone 
range  should,  it  would  seem,  be  able  to  afford  some  sort 
of  an  index  of  what  we  aim  to  get,  that  is,  of  the  degree 
of  improvement  for  the  spoken  voice.  It  does  not  seem 
probable,  however,  that  the  testing  of  the  tone  range  would 
supplant  the  testing  with  the  voice  for  this  purpose  unless 
some  device  should  be  invented  which  would  render  these 
tests  simple  enough  to  be  carried  out  with  sufficient 
readiness  to  serve  this  purpose  practically. 
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It  has  been  suggested  that  these  tests  are  vakiable  when 
repeated  from  time  to  time  for  showing  changing  status 
of  hearing  in  cases  of  progressive  deafness,  such  as, 
otosclerosis  or  primary  nerve  deafness.  I  am  inclined  to 
think  that  with  these  tests  we  can  get  a  more  satisfactory 
line  on  the  progress  of  the  hearing  condition  in  these 
cases  than  by  other  methods.  It  is  a  question,  however, 
whether  we  would  be  justified  in  advising  patients  to  go 
through  with  these  elaborate  tests  from  time  to  time 
especially  since  in  just  these  cases  there  is  no  practical 
assistance  to  be  derived  from  them. 

There  still  exists  a  great  deal  of  haziness  in  the  minds 
of  many  practitioners  regarding  the  clinical  problems  in 
otolog>\  To  assume  that  these  newer  tests  of  hearing  are 
to  bring  in  a  new  era  in  otology  in  which  these  tests  will 
be  able  to  dispel  the  prevailing  pessimism  that  exists 
regarding  the  cure  of  deafness  shows  a  failure  to  grasp  the 
simple  clinical  problem  presented  in  these  cases.  Pessimism 
does  exist  exactly  as  it  does  in  the  treatment  of  locomotor 
ataxia  or  in  cases  where  the  hair  is  turning  gray  for  the 
very  good  reason  that  we  know  from  our  study  in  pathology 
that  such  conditions  as  otosclerosis  and  degeneration  of 
the  eighth  nerve  can  neither  be  improved  nor  their  progress 
checked  by  treatment. 

These  remarks  are  intended  as  a  warning  against  a  too 
hasty  conclusion  on  the  part  of  otologists  that  these  tests 
have  a  commercial  value,  in  other  words,  are  of  practical 
assistance  to  the  otologist.  Since  the  time  of  Helmholtz 
the  physicist  has  played  an  important  part  in  the  study  of 
the  problem  of  hearing.  Much  of  this  work  has  been  done 
in  co-operation  with  otologists.  This  co-operation,  there- 
fore, has  long  been  estal)lished.  It  is  to  be  hoped  that 
something  of  practical  value  may  come  from  the  fresh 
impetus  arising  from  these  newer  tests.  What  we  may 
expect  quite  probably  will  not  be  related  to  our  primary 
problem,  that  of  diagnosing  the  treatable  from  the  incurable 
form  of  deafness  or  much  less  to  dispelling  existing 
pessimism  regarding  the  incurable  forms  of  deafness  but 
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may  rather  be  along  the  lines  of  improvements  in  the 
devices  intended  for  bridging  the  chasm  between  defects 
in  hearing  and  the  normal  ear.  It  would  seem  that  a  study 
of  the  minimum  audibility  of  tones  in  the  several  parts  of 
the  tone  range  and  of  the  sensibility  of  ears  to  small 
differences  of  loudness  and  pitch  may  furnish  data  which 
could  be  turned  to  a  practical  purpose  in  the  construction 
of  improved  hearing  devices,  especially  the  electrical 
hearing  devices,  which,  imperfect  as  they  now  are,  have 
already  gained  a  wide  application.  Until  it  becomes 
apparent  that  these  tests  add  something  essential  to  our 
methods  of  diagnosis,  something  which  simpler  methods 
do  not  give,  it  would  be  a  mistake  to  lend  encouragement  to 
the  idea  that  this  work  has  a  practical  value  for  which  the 
patient  can  be  asked  to  pay. 

The  report  of  Mr.  Knudsen  follows: 

The  writer  has  recently  presented  a  paper  before  the 
American  Physical  Society  on  "The  Sensibility  of  Normal 
Ears  to  Small  Differences  of  Loudness  and  Pitch^."  The 
work  reported  m  the  present  paper  is  an  extension  of  that 
investigation  applied  to  pathological  ears.  A  knowledge 
of  the  sensibility  of  the  ear  to  small  differences  of  loudness 
and  pitch  is  essential  to  intelligently  prescribed  artificial 
aids  for  hearing.  If  a  pathological  ear  is  normal  in  its 
pitch  and  intensity  discriminating-  power,  appropriate 
amplification  of  the  sounds  coming  to  the  ear  will  restore 
normal  hearing.  But,  if  the  affected  ear  is  seriously  sub- 
normal for  these  functions,  amplification  is  not  adequate 
for  the  restoration  of  normal  hearing,  since  the  interpre- 
tation of  speech  and  musical  sounds  by  the  ear  requires 
the  capacity  to  appreciate  small  differences  of  pitch  and 
loudness. 

The  method  of  just  discernible  differences  is  employed 
in  the  present  investigation  for  determining  the  sensibility 
of  the  ear  to  small  differences  of  loudness  and  pitch.  The 
source  of  sound  used  is  a  telephone  receiver  actuated  by 

1  Sensibility    of    the    Ear    to    Small    Differences    of   Intensity    and    Fre- 
quency— V.   O.  Knudsen,  Abstract  in  Physical  Review  19,  261   (1922). 
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energy  from  a  vacuum  tube  oscillator.  The  oscillator  will 
produce  tones  of  any  desired  frequency  between  30  d.  v. 
and  20,000  d.  v.     Bv  means  of  a  divided  resistance  circuit 
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Fig.    A.     Case   of   Vertigo;    Probably    of   Intracranial    Origin,    Hearing    for 
the  whispered   voice   normal.     Diplacusis. 

the  intensities  of  the  tones  can  be  varied  by  any  desirable 
and  measurable  intervals  from  the  threshold  intensities  up 
to  intensities  sufficiently  loud  to  excite  the  sensation  of 
pain. 
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The  circuit  is  designed  in  such  a  way  that  a  motor 
controlled  key  periodically  changes,  by  any  desired  intervals, 
the  resistance  R  across  which  the  receiver  is  connected. 
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Fig-.   B.     Case  of  Degenerative  Changes   in   tlie   i^abyrintli   Diplacusis. 

The  tone  emitted  by  the  receiver  will  therefore  periodically 
and  abruptly  fluctuate  from  a  tone  of  one  loudness  to  a 
tone   of   greater   or   lesser   loudness.     The   two   tones    are 
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of  equal  duration  and  alternate  at  a  rate  of  about  50  per 
minute. 

If  the  difference  of  loudness  of  the  two  tones  is  greater 


SenJ^.i^Zij^tt^  ('\i  h'ij:/ertnf-t^  \c>^  P-  t ^-"i 


^ 


'■■jFref  tJ  €  n  t-if) 


^ 


/"»  A*'  -f"  giJ  -.JJ  J-Z-i  it:^ 

Fig.  C.     Case  of  Otosclerosis  Incipient. 

than  the  smallest  perceptible  difference  for  the  ear  under 
test  the  two  tones  will  be  heard  as  a  flutter  tone,  otherwise 
they  will  be  heard  as  a  steady  tone.     Hence,  to  determine 
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for  a  particular  ear  the  smallest  perceptible  difference  of 
loudness  it  is  only  necessary  to  properly  vary  a  single  wire 
resistance  until   the   person  under  test   decides  when   the 
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Pig.   D.     Case   of   Xerve   Deafness.     Degeneration   in   tlie  Labyrintli. 

flutter  appears  as  the  difference  of  loudness  of  the  two 
tones  is  increased  from  zero,  and  when  the  flutter 
disappears  as  the  difference  of  loudness  of  the  two  tones 
is  decreased  from  a  plainly  perceptible  difference. 
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A  similar  procedure  is  used  for  determining  the  smallest 
perceptible  difference  of  pitch,  except  that  the  frequency 
instead  of  the  intensity  of  the  tone  eniited  bv  the  receiver 
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Fig.  E.     Case  of  Otosclerosis. 

is  made  to  alternately  fluctuate  from  a  tone  of  one  pitch 
to  a  tone  of  higher  or  lower  pitch. 

The  next  three  slides  will  show  some  recent  sensibility 
curves   of   normal   ears.     The   first    slide   shows   how   the 
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sensibility  of  the  ear  to  small  differences  of  loudness 
depends  upon  the  intensity  of  musical  tones.  AE/E  is  the 
ratio  of  the   smallest  perceptible   difference  of  energy  of 
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Fig.   F.     Case  of  Otosclerosis.     Advanced. 

a  tone  to  the  total  energy  of  that  tone.  The  curves  show 
that  the  normal  ear  can  perceive  smaller  percentage 
changes  of  loudness  for  moderate  and  loud  tones  than  it 
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can  for  feeble  tones.  For  moderate  and  15ud  tones  the 
normal  ear  can  perceive  a  difference  in  the  energy  of  a  tone 
of  about  10%.    This  means  that  a  normal  ear  can  distinguish 


AJe                   4tu 

- 

sx 

---:--:--;-    ---;-- 

Fig.  G.     Case  of  Otosclerosis.     Advanced. 

about  400  graduations  of  loudness   for  tones   of  medium 
pitch. 

The   second   slide    shows   how   the    sensibility    to   small 
differences  of  loudness  depends  upon  the  pitch  of  musical 
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tones.  The  individual  curves  of  19  ears  and  the  average 
curve  of  the  19  ears  are  shown.  There  are  noticeable  in- 
dividual differences,  but  the  average  curve  indicates  that 
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Fig.    H.     Case   of  Nerve  Deafness. 
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the  sensibility  to  differences  of  loudness  is  almost  indepen- 
dent of  the  pitch  over  the  range  used  in  speech  and  music. 
The  third  slide  shoves  how  the  resolving  power,  i.  e.  the 
sensibility  to   small  differences   of  pitch,   varies   with   the 
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pitch  of  musical  tones.  ^^N/N  is  the  ratio  of  the  smallest 
perceptible  difference  of  the  frequency  of  a  tone  to  the 
whole  frequency  of  the  tone.  These  curves  are  similar  to 
those  obtained  by  C.  E.  Seashore  and  his  assistants  at  the 
University  of  Iowa.  They  show  that  the  ear  can  perceive 
smaller  musical  intervals  for  moderate  and  high  tones  than 
it  can  for  the  graver  tones.  The  average  curve  shows  that 
at  the  higher  tones  the  normal  ear  can  perceive  a  difference 
of  pitch  corresponding  to  about  1/20  of  a  semitone.  The 
normal  ear  can  therefore  distinguish  about  2,000  grada- 
tions of  pitch  within  the  audible  range  (20  d.  v.  to  20,000 
d.  V.) 

The  sensibility  characteristics  of  a  number  of  patholo- 
gical ears  recently  examined  are  indicated  by  the  following 
figures.  Each  figure  consists  of  curves  which  quantitatively 
compare  the  response  characteristics  of  the  ear  under  test 
with  those  of  the  normal  ear.  The  upper  curves  compare 
the  threshold  intensities  of  the  affected  and  normal  ears. 
They  show  simply  how  much  louder  the  tone  must  be  for 
the  affected  ear  than  for  the  normal  ear.  The  ordinates 
give  the  root  mean  square  pressure  in  dynes  per  square 
centimeter  in  the  external  ear  cavity.  This  pressure  is 
proportional  to  the  amplitude  of  vibration  of  the  tonal 
stimulus.  Thus  to  produce  a  barely  audible  tone  for  A's 
left  ear  at  100  d.  v.  it  was  necessary  to  have  the  amplitude 
of  vibration  about  16  times  as  great  as  the  amount  required 
for  a  normal  ear.  The  middle  curves  compare  the  sensi- 
bility to  small  differences  of  loudness  of  the  affected  and 
normal  ears.  AE/E  is  the  ratio  of  the  smallest  perceptible 
increment  of  energy  of  a  tone  to  the  total  energy  of  the 
tone.  The  lower  curves  compare  the  sensibility  to  small 
differences  of  pitch  of  the  affected  and  normal  ears.  Ap/F 
is  the  ratio  of  the  smallest  perceptible  difference  of 
frequency  of  a  tone  to  the  frequency  of  the  tone. 

The  curves  for  the  cases  presented  in  the  above  figures 
represent  the  response  characteristics  of  ears  affected  by 
varied  types  of  fixation  deafness,  or  nerve  degeneration, 
or  diplacusis,  or  combinations  of  these.    All  of  the  curves 
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indicate  that  these  pathological  processes  do  not  greatly 
affect  the  pitch  and  intensity  differentiating  mechanisms 
of  the  ear.  In  spite  of  the  advanced  nerve  degeneration 
in  cases  "F"  and  "G"  the  pitch  and  intensity  differentiating 
capacities  were  almost  normal.  Only  one  case  has  been 
observed  in  which  the  pitch  discriminating  power  was 
noticeably  sub-normal,  and  in  that  case  it  was  not  serious. 

Interesting  data  on  diplacusis  are  accumulating.  Thus 
far  seven  cases  have  been  carefully  examined.  In  some 
cases  the  affected  ear  hears  too  low,  in  others  too  high. 
In  some  cases  the  affect  extends  over  the  entire  audible 
range  of  pitch;  in  others,  it  is  restricted  to  only  a  portion 
of  the  tonal  range.  The  displacement  of  pitch  identification 
in  the  seven  cases  examined  varies  from  y^  tone  interval 
in  some  instances  to  slightly  less  than  an  octave  in  one 
other  instance.  In  the  case  of  B,  the  right  ear  could  not 
assodiate  the  property  of  pitch  with  tones  whose  frequencies 
were  below  600  d.  v.,  yet  his  response  curves  indicate  that 
the  affected  ear  could  perceive  differences  of  pitch  and 
loudness  with  nearly  the  same  facility  as  a  normal  ear.  He 
said,  "A  change  of  pitch  seemed  like  a  change  in  the  quality 
of  a  sort  of  a  wind  sensation  in  the  right  ear." 

In  a  subsequent  paper  the  writers  hope  to  give  a  more 
complete  report  of  their  study  of  diplacusis,  together  with 
the  bearing  of  their  data  on  theories  of  audition. 


THE  STUDY  OF  THE  TONAL  RANGES  IN  LESIQNS 
OF  THE  MIDDLE  EAR. 

By  L.  W.  DEAN,  M.  D.  and  C.  C.  BUNCH,  Ph.  D.,  Iowa  City,  la. 

The  research  work  which  we  are  reporting-  represents  a 
large  amount  of  careful,  conscientious  work  especially  on 
the  part  of  Mr.  Bunch,  who  either  made  or  supervised  all 
the  functional  tests  of  hearing  which  are  indicated.  This 
report  is  confined  to  the  examination  of  the  auditory  per- 
ception of  a  large  series  of  cases  of  so-called  middle  ear 
trouble.  In  all  cases  exhaustive  clinical  examination  was 
made.  These  examinations  were  grouped  and  studied  and 
the  results  are  here  summarized  and  presented  for  your 
consideration. 

PLATE  1  is  the  diagram  of  the  clinical  record  made  for 
each  case  examined.  In  only  a  few  cases  where  it  seemed 
desirable  to  have  specific  information  regarding  the  vesti- 
bular functions  were  the  turning  tests  made. 

The  hearing  for  whispered  and  spoken  voice  was  first 
determined.  Next  the  pitch  range  audiometer  was  used 
to  determine  the  audition  for  tones  between  30  and  7070 
d.  V. 

The  records  with  the  audiometer  are  easily  indicated  by 
means  of  a  graph  shown  in  the  plate.  The  pitch  of  the 
tones  is  indicated  at  the  bottom  and  the  loudness  of  the 
tone  by  the  heighth  of  the  curve  on  the  graph,  no  tones  at 
all  being  normally  heard  at  zero.  The  curve  shown  on  the 
graph  is  the  field  of  hearing  for  a  normal  ear. 

In  the  curves  of  cases  studied  that  we  are  going  to  show, 
the  curve  was  secured  by  testing  the  audition  of  the  ear 
examined  for  every  tone  from  30  d.  v.  to  7070  d.  v.  The 
curve  thus  secured  compared  with  the  normal  curve  which 
is  stamped  on  every  chart  gives  an  approximate  idea  of  the 
relative  hearing  power  for  these  tones. 
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If,  for  instance,  the  curve  at  1,000  d.  v.  is  only  half  as 
high  as  normal,  this  does  not  mean  that  hearing  for  that 
note  is  one-half  normal  but  only  that  hearing  for  the  note 
is  markedly  decreased.  We  are  not  justified  in  assuming 
that  the  curves  represent  the  exact  audition  for  the  note 
that  is  being  tested.  The  fractions  which  express  quanti- 
tatively the  audition  for  various  notes,  when  this  is  deter- 
mined with  the  Bezold  forks,  are  likewise  very  inexact.  As 
the  intensity  of  sound  varies  with  the  square  of  the  distance, 
with  the  square  of  the  amplitude  of  the  vibration,  and  is 
influenced  by  the  rapidity  of  vibration  of  sound  it  is  an 
extremely  difficult  matter  to  determine  in  any  way  the 
exact  amount  of  audition  for  any  given  note. 

If  the  curve  of  the  ear  being  examined  should  show  a 
tone  gap  in  the  tonal  range,  this  does  not  necessarily  mean 
that  there  is  an  absolute  tone  gap  but  it  does  indicate  that 
the  ear  is  unable  to  perceive  the  loudest  tones  capable  of 
being  produced  by  the  audiometer.  These  gaps  found  by 
the  audiometer  have  been  verified  in  the  psychological 
laboratories  by  tests  with  organ  pipes  and  other  instru- 
ments, producing  pure  loud  tones.  It  is  easy  to  conceive 
that  if  a  note  could  be  produced  of  greater  intensity  than 
that  which  the  audiometer  can  give  it  might  be  heard  when 
the  audiometer  would  produce  no  sensation  of  sound. 

In  the  following  charts  the  normal  curve  is  indicated  by 
a  continuous  line ;  curves  for  the  right  ear  by  dashes ;  and 
for  the  left  ear  by  dots. 

For  the  benefit  of  those  who  are  not  interested  in  the 
audiometer  readings  we  have  made  in  each  case  a  quantita- 
tive determination  of  the  audition  for  the  50  d.  v.  fork,  the 
c,  c^,  c^,  c',  c*,  and  c^  forks. 

The  Rinne,  the  Weber,  and  the  bone  conduction  tests 
were  made  with  the  256  fork.  In  some  cases  the  128  and 
512  d.  V.  fork  was  also  used.  These  forks  were  weighted 
to  minimize  the  production  of  confusing  overtones. 

At  the  bottom  of  the  plate  next  to  the  audiometer  curve 
is  a  measurement  of  the  upper  tonal  limit  as  determined 
with  the   Galton   whistle,   the  Koenig  cylinders,   and  the 
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Monochord.  The  upper  limit  of  the  monochord  is  deter- 
mined both  by  A.  C.  and  by  B.  C.  With  the  Galton  whistle 
which  we  use  the  normal  upper  limit  is  21,000  d.  v.  With 
the  Koenig"  cylinders  the  upper  limit  is  43,960  single  vibra- 
tions and  with  the  Monochord  by  A.  C.  19,000  d.  v.,  by  B.  C. 
20,000  d.  V. 

In  each  case  studied  we  have  been  interested  in  deter- 
mining if  in  addition  to  the  middle  ear  lesion  there  was  also 
present  a  lesion  of  nerve  or  end  organ. 

Suggestive  of  a  lesion  of  the  acoustic  nerve  or  its  end 
organ  is  the  following: 

1.  The  audition  for  the  higher  notes  is  poorer  than  that 
for  the  lower  or  middle  part  of  the  tonal  range.  If  the 
lower  notes  of  the  tonal  range  up  to  about  3,000  d.  v.  are 
heard  normally  and  there  is  a  diminution  in  the  audition 
for  the  notes  in  the  upper  part  of  the  range  as  is  shown  by 
PLATE  2.  this  diminution  of  audition  for  the  higher  notes 
is  suggestive  of  a  lesion  of  the  nerve  or  end-organ.  If, 
however,  as  is  shown  in  PLATE  3,  there  is  a  uniform 
diminution  in  audition  for  tones  throughout  the  range  it 
does  not  indicate  a  lesion  of  nerve  or  end-organ.  The 
curves  shown  in  PLATE  3  are  the  curves  secured  from  : 
first,  a  case  of  impacted  wax  in  the  external  canal ;  second, 
a  similar  case  ;  third,  three  cases  of  individuals  with  normal 
hearing  where  the  external  canal  has  been  packed  with 
borac  acid  powder,  and  lastly,  a  case  of  cotton  in  the  ear 
which  was  soaked  with  cerumen  and  was  in  contact  with 
the  drumhead.  In  each  of  these  cases  you  note  the  diminu- 
tion in  audition  for  all  tones  throughout  the  range.  As  we 
view  it.  there  would  have  to  be  a  distinctly  greater  diminu- 
tion for  the  notes  in  the  upper  part  of  the  range  as 
compared  with  the  tone  best  heard  in  the  lower  or  middle 
part  in'  order  to  indicate  positively  a  lesion  of  the  nerve  or 
end  organ.  In  some  of  these  cases  the  c^  fork  was  not 
heard  at  all. 
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PLATE  4  shows  the  curves  of  these  cases  after  the  re- 
moval of  the  impacted  wax,  cotton  or  borac  acid  powder. 
Note  that  the  curves  are  practically  normal. 

2.  A  lowering  of  the  upper  tonal  limit,  especially  by_  B. 
C.  The  better  the  hearing  for  voice  and  whisper,  the  more 
significant  of  a  lesion  of  nerve  or  end  organ  is  the  decrease 
in  the  upper  limit  by  A.  C. 

3.  Positive  Rinne. 

PLATE  5  indicates  the  upper  tonal  limit  in  three  of  the 
cases  of  obstruction  in  the  external  canal  just  described  by 
A.  C.  and  B.  C.  determined  with  the  monochord.  Note  the 
upper  limit  by  A.  C.  is  lowered  2,000  d.  v.  from  obstruction 
in  the  external  canal.  There  is.  however,  no  cutting  down 
of  the  upper  limit  by  B.  C.  and  we  feel  tha't  a  lowering  of 
the  upper  limit  by  bone  conduction  is  more  definite  indica- 
tion of  lesion  of  nerve  or  end  organ  than  the  lowering  of 
the  upper  limit  by  A.  C. 

PLATE  6.  The  comparison  of  the  upper  limit  of  audi- 
tion for  high  notes  as  determined  by  A.  C.  and  B.  C.  is  of 
interest. 

The  upper  chart  shows  the  A.  C.  and  B,  C.  as  determined 
with  the  monochord  for  twenty-two  acute  suppurative  ears. 
The  vertical  figures  represent  the  number  of  cases ;  the 
horizantal  the  upper  limit  in  double  vibrations  per.  second. 
The  curves  are  similar  but  by  air  the  lowest  limit  was 
12,000  d.  V.  while  by  B.  C.  it  was  14,000. 

The  results  of  examination  of  twenty-eight  cases  of 
chronic  otorrhea  are  chartered  in  the  center.  Again  the 
larger  number  of  cases  make  similar  curves  but  here,  while 
the  lowest  limit  by  B.  C.  is  L3,000  d.  v.,  by  A.  C.  it  is  6,000,— 
a  great  difference. 

Below  are  graphs  secured  for  charting  the  results  of 
forty  cases  of  hyperplastic  otitis  media.  Here  the  similar- 
ity of  the  curves  is  lost. 

The  diagnostic  significance  of  the  difference  l^etween  the 
upper  limit  as  determined  by  bone  and  air  conduction  with 
the  monochord  is  here  illustrated.    In  cases  of  acute  trouble 
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Upper  limits  in  cases  of  occlusion  of  external  auditory  meatus. 

Before  Removal 

No.  2.  F.  A.  B.     A.  C.  17,000  B.  C.  19,000 

No.  3.  C.  C.  J.     A.   C.   15,000  B.   C.  18,000 

No.  4.  C.  C.  B.     A.  C.  17,000  B.  C.  20,000 

After  Removal 

No.  2.  F.  A.  B.     A.  C.   18,000  B.  C.  19,000 

No.  3.  C.  C.  J.     A.   C.   17,000  B.   C.  19,000 

No  4.   C.   C.  B.     A.   C.   19,000  B.   C.  20.000 
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22;?^  gave  a  difference  of  3,000  d.  v.  or  more  between  the 
upper  limits  determined  by  air  conduction  and  by  bone  con- 
duction. In  the  chronic  otorrhea  cases  this  percentage 
was  39  while  cases  of  hyperplastic  otitis  media  gave  this 
difference  in  67^. 

The  determination  of  the  upper  limit  by  B.  C.  is  a  far 
more  accurate  indication  of  the  condition  of  the  nerve  and 
end  organ  than  its  determination  by  A.  C. 

4.  The  sensitivity  for  one  note  or  a  group  of  notes  is 
much  less  acute  than  the  others  when  determined  with  the 
tuning  fork  or  the  audiometer. 

To  determine  whether  there  is  a  significant  difference 
between  the  hearing  power  for  high  tones  and  low  tones, 
we  have  used  the  audiometer  and  the  Bezold  forks.  For 
example,  if  the  hearing  for  the  c^  fork  is  indicated  by  the 
fraction  20/24  while  that  for  the  c^  fork  is  indicated  by  the 
fraction  5/60,  there  is  a  greater  decrease  for  the  c^  than  for 
the  c^.  This  would  be  shown  on  the  audiometer  record  by 
a  curve  which  closely  follows  the  normal  curve  for  a  fre- 
quency of  512  d.  V.  but  which  falls  much  below  the  normal 
curve  at  4096  d.  v. 

PLATE  7  is  a  plate  of  neuro-lab3rinthitis  showing  these 
distinct  depressions  in  the  audiometer  curve  confirmed  by 
the  findings  with  the  tuning  forks. 

5.  Decreased  bone  conduction  as  determined  by  the  c^ 
and  c^  fork. 

This  is  a  ver}-  important  matter.  We  feel  that  a  bone 
conduction  decreased  two  or  three  seconds  is  suggestive 
of  a  lesion  of  nerve  or  end  organ  when  the  examination  had 
been  properly  made.  We  test  bone  conduction  by  placing 
the  tuning  fork  over  the  bone  just  adjacent  to  the  external 
opening  of  the  bony  canal  posterior  to  the  upper  attach- 
ment of  the  external  ear.  We  keep  in  mind  the  influence 
of  mastoid  involvement  decreasing  the  bone  conduction. 

Bezold  (Text  Book  of  Otology,  page  67)  thinks  that  to  be 
significant  the  perception  by  bone  conduction  for  the  fork 
placed  on  the  vortex  should  be  very  much  shortened. 
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Wittmaack  (Zeit.  f.  Ohr.  vol.  60,  page  136)  is  of  the 
opinion  that  a  shortening  of  the  bone  conduction  is  worthy 
of  diagnosis  when  it  amounts  to  at  least  30^  of  the  average 
value  which  we  get  or  receive  through  the  examination  of 
a  large  number  of  normally  hearing  individuals  with  the 
chosen  tuning  fork. 

As  the  percentage  of  decrease  will  depend  altogether 
upon  the  energy  with  which  the  fork  is  excited,  this  state- 
ment is  of  little  value. 
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Bezold  feels  that  an  objection  to  this  procedure  is  that 
extraneous  sounds  and  the  ability  of  the  individual  to  make 
an  accurate  examination  and  of  the  patient  to  cooperate 
have  a  decided  bearing  upon  the  result.  Such  criticism  is 
valid  for  all  functional  tests  of  hearing  and  is  as  true  for 
determining  hearing  power  by  A.  C.  as  well  as  B.  C. 

Our  examinations  are  conducted  in  a  room  set  apart 
especially  for  this  purpose  and,  while  it  cannot  be  said  to 
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be  entirely  free  from  external  noises,  it  is  probably  mucli 
more  nearly  ideal  for  this  purpose  than  those  ordinarily 
used. 

Emerson  (Annals  of  O.  R.  &  L.  Dec.  21,  page  999),  is  of 
the  opinion  that  when  B.  C.  is  lowered  for  the  256  or  512  d. 
V.  fork  that  nerve  deafness  has  been  present  for  a  long  time. 

Werhofsky  (Prufung,  d.  Hordauer  in  Verlaufe  der  Ton- 
skala  bei  Erk.  d.  Mit.  u.  Innern  O.  Bezold  U.  d.  Funk, 
Pruf.  d.  Mench.  Gehor,  1897-1909)  found  decreased  B.  C 
in  all  lesions  of  the  nerve  or  end  organ  that  he  studied.  He 
reports  B.  C.  decreased  two  seconds  in  one  case  of  nerve 
deafness  and  three  seconds  in  another. 

He  says  that  B.  C.  is  less  with  higher  forks  than  with 
lower  and  cites  a  number  of  observations  to  confirm  this. 

In  describing  his  technique  he  does  not  state  the  length 
of  time  his  forks  vibrate  with  a  given  stimulus.  Our  higher 
forks  vibrate  longer  than  the  lower  and  consequently  the 
decrease  in  B.  C.  with  the  higher  forks  would  be  greater. 

Siebenmann  in  an  article  translated  by  Dench  (Archives 
of  Otology,  vol.  22,  Pg.  5)  says  that  in  apparently  normal 
ears  there  may  be  functional  defects  in  the  test  for  the 
upper  tone  limit  and  in  the  perception  of  sound  by  B.  C.  He 
also  shows  that  B.  C.  is  sometimes  decreased  by  aspiration 
of  the  middle  ear. 

Page,  (Proceedings  N.  Y.  Academy  of  Med.  Oct.  13,  1921) 
says  that  the  early  cases  of  otitis  media  have  a  negative 
pressure  in  the  tympanum. 

Kerrison  (Text  Book  of  Otology,  Pg.  89)  suggests  that 
the  hearing  by  bone  should  be  decidedly  decreased  to  be 
significant. 

Schwabach  (Uber  Harprufung,  etc.  Archiv,  f.  Ohren.  vol. 
31,  page  6)  says  that  B.  C.  is  longer  than  with  norm.al 
persons  in  lesions  of  the  transmitting  apparatus  while  it  is 
the  same  as  normal  persons  or  less  in  lesions  of  the  per- 
ceiving apparatus  of  the  ear. 

In  our  study  of  acute  middle  ear  infections,  we  have 
found  it  very  unusual  to  find  an  infected  ear  without  evi- 
dence of  a  lesion  of  its  nerye  or  end  organ. 
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Siebenmann,  in  an  article  translated  by  Dench  (Archives 
of  Otology,  Vol.  22,  Page  12)  reports  that  in  making  func- 
tional examinations  of  pure  cases  of  catarrh  of  the  eusta- 
chian tubes,  he  found  the  upper  tone  limit  usually  lowered 
and  not  restored  by  inflation.  He  assurrted  that  the  lower- 
ing of  the  upper  limit  was  due  to  a  passive  hyperemia  of 
that  portion  of  the  scala  vestibuli  lying  next  the  oval 
window. 

PLATE  8  shows  curves  of  a  case  of  acute  tubal  catarrh 
where  we  found  no  definite  evidence  of  lesion  of  nerve  or 
end  organ.  The  decrease  in  hearing  for  the  voice  and 
whisper  was  apparently  due  wholly  to  the  middle  ear  con- 
dition and  disappeared  on  inflation.  B.  C.  in  each  ear  was 
normal.  Upper  limit  by  Monochord,  R.,  A.  C.  16,000,  B.  C. 
19,000;  L.,  A.  C.  17,000,  B.  C.  19,000.  As  with  the  blocking 
of  the  external  canal  the  upper  limit  was  lowered  by  air  and 
not  by  B.  C.  Unfortunately,  after  inflation  the  upper  limit 
was  not  tested  by  A.  C. 

The  curve  before  inflation  shows  rather  a  uniform  de- 
crease in  audition  for  all  notes  except  the  very  lowest  which 
were  not  heard  at  all.  The  audition  for  the  notes  became 
almost  normal  on  inflation. 

Twenty-two  acute  infected  ears  were  studied.  Of  the 
twenty-two,  fourteen  had  positive  Rinne  and  eight  had 
negative  Rinne ;  fifteen  had  decreased  bone  conduction  for 
the  c^  fork  and  fourteen  had  the  upper  tone  limit  decreased 
2,000  or  more  by  A.  C.  as  determined  by  the  monochord.  Thir- 
teen of  the  fourteen  had  the  upper  limit  by  B.  C.  decreased 
2,000  or  more.  Twelve  cases  had  decreased  bone  conduc- 
tion as  well  as  lowered  upper  limit.  Two  cases  had  de- 
creased B.  C.  with  upper  limit  normal  and  two  cases  had 
upper  limit  by  A.  C.  lowered  but  B.  C.  normal. 

PLATE  9  shows  the  curves  of  ten  acute  infected  cars. 
The  dots,  dashes  and  circles  in  the  curves  are  added  so  that 
they  may  be  inore  easily  followed  through  the  entire  Meld. 
You  will  note  that  curves  No.  2  and  3  show  complete  gaps. 
Partial  gaps  are  shown  in  all  the  curves  except  No.  4.     90;© 


TONAL  RANGES.  ^^3 

of  the  curves  of  acute  infected  ears  are  suggestive  in  this 
manner  of  lesions  of  the  nerve  or  end  organ. 

A  careful  analysis  of  the  clinical  charts  of  the  twenty- 
two  ears  studied  shows  that  in  every  acute  infected  ear 
except  one  there  was  either  decreased  B.  C,  upper  limit 
lowered  by  B.  C.  2,000  or  more,  or  a  defect  in  the  audio- 
meter curve  suggestive  of  lesion  of  nerve  or  end  organ. 

These  evidences  of  lesion  of  nerve  or  end  organ  appear 
very  early  in  the  course  of  the  disease. 

PLATE  10.  H.  B.  Examination  was  made  within  twelve 
hours  after  first  evidence  of  infection.     With  good  hearing 

Unaffected  Ears  in  Unilateral  Cases. 


Name 

Monochord 

Rinne 

B.  C. 
(c,  fork) 

A.  C. 

B.  C. 

A.  A.  S. 

+ 

Normal 

19,000 

19,000 

M.  K. 

+ 

Normal 

15,000 

17,000 

G.  V.  B. 

4- 

Normal 

16,000 

17,000 

E.  C. 

+ 

— 

17,000 

18,000 

B.  D. 

-1- 

— 

18,000 

18,000 

E.  S. 

+ 

PLATE  11. 

19,000 

21,000 

for  voice,  spoken,  45  feet,  and  whisper,  15  feet,  in  each  ear; 
frank  earache  in  the  left,  slight  earache  in  the  right ;  drum- 
heads reddened,  no  bulging;  Rinne  positive  in  each  ear, 
c^  fork  in  left  30/60;  with  other  forks,  normal.  Two  part- 
ial tone  gaps  in  left  ear  with  audiometer  curve.  B.  C.  -2 
sec.  each ;  upper  limit  lowered  2,000  by  B.  C.  with  mono- 
chord.  No  leucocytosis  at  this  time.  Patient  discharged 
ten  days  later,  B.  C.  normal,  c^  heard  normally, — upper 
limit  normal  by  A.  C.  and  B.  C. 

In  cases  where  the  infection  was  unilateral  the  evidences 
of  a  lesion  of  nerve  or  end  organ  were  not  confined  to  the 
infected  ear. 
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PLATE  11  shows  the  findings  of  the  good  ear  in  six 
cases  of  unilateral  acute  infection  of  the  middle  ear.  Only 
one  case,  the  first,  had  no  suggestion  lesion  of  end  organ 
or  nerve  in  the  good  ear.  In  the  second,  third,  fourth  .and 
fifth  cases  the  upper  limit  is  lowered;  in  the  fourth,  fifth 
and  sixth  B.  C.  is  decreased.  The  audiometer  curves  of  the 
first  case,  and  of  cases  three  and  four,  were  somewhat 
suggestive  of  lesion  of  nerve  or  end  organ  so  that  in  at 
least  five  out  of  six  of  the  unaffected  ears  and  probably  all 
six,  there  is  evidence  of  involvement  of  the  nerve  or  end 
organ. 

PLATE  12  B.  D.  This  case  is  interesting  because  a  few 
days  before  infection  of  the  left  ear  the  ears  were  tested 
and  were  apparently  normal.  Note  that  in  the  right  ear 
where  there  was  no  redness  of  drumhead  or  other  evidence 
of  middle  ear  infection,  the  decreased  hearing  for  voice  and 
whisper,  the  decreased  B.  C,  the  decreased  upper  limit  by 
B.  C,  and  the  slight  diminution  of  audition  for  the  c^,  c^,  c^, 
c^,  and  c^  forks,  for  the  left  ear,  the  decreased  B.  C,  the 
tuning  fork  tests  and  the  audiometer  curve  are  all  sugges- 
tive of  lesion  of  nerve  or  end  organ. 

Treatment  and  eradication  of  the  middle  ear  condition 
may  have  no  influence  upon  the  lesion  of  nerve  or  end 
organ. 

PLATE  13  E.  B.  shows  the  findings  at  the  heighth  of  an 
acute  tubal  catarrh.  The  tubal  orifices  were  edematous 
covered  with  dilated  blood  vessels ;  the  drumheads  were 
reddened,  not  bulging.  B.  C.  decreased  each  2  sec.  Upper 
limit  each  B.  C.  17,000  by  monochord. 

PLATE  14  shows  the  findings  after  the  eradication  of  the 
middle  ear  lesion.  B.  C.  -3.  Upper  limit  lowered  by  B.  C. 
Audiometer  curve  indicative  of  lesion  of  nerve  or  end  organ. 
The  findings  remained  the  same  as  long  as  the  patient  re- 
mained under  observation. 

PLATE  15  shows  the  findings  A.  A.  S.  Feb.  27,  taken  one 
month  after  an  infection  of  the  left  ear  was  apparently 
well.     Curve  and  tuning  fork  findings  for  left  ear  indicate 
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a  lesion  of  importance  involving  nerve  and  end  organ. 
Whisper  and  voice  are  poorly  heard. 

PLATE  16  B.  D.  Sept  27,  shows  findings  in  both  ears  in 
a  case  of  acute  infection  of  the  left  ear  one  month  after  dis- 
charged as  cured.  The  curve  left,  tuning  fork  tests  left, 
and  decreased  B.  C.  each  indicates  a  lesion  of  nerve  or  end 
organ  left  and  probably  also  right.  At  no  time  during  the 
disease  was  there  evidence  of  acute  middle  ear  infection 
right.  Nevertheless,  the  hearing  right  which  was  W15, 
V45,  before  the  infection  of  the  left  ear  is  now  W13,  S45, 
while  the  B.  C.  is  -5.  Before  the  infection  of  the  left  ear 
it  was  normal. 

After  acute  infections  of  the  middle  ear  with  return  to 
normal  audition  for  voice  and  whisper  there  may  be  definite 
indications  of  lesions  of  nerve  or  end  organ. 

Twelve  cases  of  bilateral  chronic  otorrhea  and  fifteen 
cases  of  unilateral  chronic  otorrhea,  or  thirty-nine  ears, 
suffering  with  chronic  otorrhea,  were  studied.  Rinne  was 
negative  in  thirty-five  ears,  positive  in  four.  There  was 
decreased  bone  conduction  in  eleven  ears,  increased  in 
twenty-six,  normal  in  two.  Decreased  B.  C.  was  not  so 
common  as  in  the  acute  infections.  The  upper  tone  limit 
was  decreased  2,000  or  more  by  bone  conduction  in  thirty 
ears.  In  thirty-seven  ears  the  audiometer  curve  was  sug- 
gestive of  a  lesion  of  nerve  or  end  organ  and  in  two  ears 
not.  Marked  depressions  and  tone  gaps  in  the  audiometer 
curves  were  much  more  frequent  than  in  the  acute  ears- 
The  curves  were  much  more  characteristic  of  lesions  of  the 
nerve  or  end  organ.  If  we  include  the  results  with  the 
tuning  fork  tests  in  only  one  ear  out  of  the  thirty-nine, 
was  there  no  evidence  of  a  lesion  of  the  nerve  or  end  organ. 

PLATE  17  R.  B.  is  a  typical  chart  showing  the  findings 
in  a  case  of  chronic  otorrhea.  Note  that  with  the  tuning 
forks  the  hearing  range  is  from  c^  to  c'*,  inclusive.  The 
audiometer  curve  shows  the  decreased  audition  for  both 
low  and  high  notes  in  the  range  of  the  audiometer  with  de- 
pressions characteristic  of  nerve  or  end  organ.  The  upper 
limit  in  each  ear  is  decreased  to  15,000  d.  v.  by  B.  C. 
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From  a  study  of  the  cases  of  chronic  otorrhea  one  gets 
the  impression  that  the  extent  of  the  lesion  of  nerve  or  end 
organ  corresponded  roughly  with  that  of  the  middle  ear 
lesion,  while  in  the  acute  cases  there  was  the  greatest 
variation  between  the  extent  of  the  lesions  of  the  inner  ear 
and  those  of  the  middle  ear.  It  was  not  unusual  with  a 
very  mild  acute  middle  ear  infection  to  have  a  very  well 
marked  lesion  of  the  nerve  or  end  organ.  A  study  of  the 
fifteen  unaffected  ears  in  the  fifteen  cases  of  unilateral 
chronic  otorrhea  shows  that  Rinne  was  negative  in  unaf- 
fected ears  no  times,  positive  in  fifteen.  B.  C.  was  de- 
creased in  the  unaffected  ears  three  times ;  it  was  no^mal 
ten  times  and  increased  twice  ;  the  upper  limit  was  de- 
creased by  B.  C.  2,000  or  more  five  times  and  was  normal  ten 
times.  The  audiometer  curve  of  the  unaffected  ears  was 
indicative  of  a  lesion  of  nerve  or  end  organ  in  only  one  case. 
The  unaffected  ears  in  this. series  of  unilateral  cases  were 
very  good  ears  with  one  exception.  The  hearing  in  almost 
every  ear  was  WIS  feet.  While  these  findings  suggest  that 
there  are  a  fair  number  of  lesions  of  the  nerve  or  end  organ 
in  the  unaffected  ears  in  chronic  otorrhea  we  do  not  find  the 
large  percentage  of  involvement  of  the  nerve  or  end  organ 
as  in  the  unaffected  ears  in  the  acute  infections.  This  sug- 
gests to  us  that  the  involvement  of  the  nerve  or  end  organ 
in  the  unaffected  ears  in  acute  infections  is  frequently  lu)^. 
a  permanent  affair ;  otherwise,  we  would  find  the  same 
number  of  lesions  in  unaffected  ears  in  chronic  otorrhea. 
The  lesions  of  the  nerve  or  end  organ  in  ears  suffering  from 
chronic  otorrhea  .were  much  more  marked  than  in  the  acute 
infections.  There  is  a  direct  interdependence  betw^een  the 
chronic  otorrhea  and  the  lesions  of  the  nerve  or  end  organ. 
The  chronic  otorrhea  has  no  influence  of  any  moment  upon 
the  nerve  or  end  organ  of  the  opposite  side.  In  our  acute 
cases  we  get  the  impression  that  the  acute  middle  ear 
trouble  and  the  lesion  of  the  nerve  and  end  organ  are  not 
interdependent.  They  may  both  l)e  due  to  the  same  cause 
but  not  necessarily  so. 


270 


DEAN  AND   BUNCH. 


Composite  of 
Tuning  Pork  Renulta 
In  Caaee  of 
Chronic  Otorrhoea 
rk 


if   ■■^'^ 


1  Not  Heard 

2  Heard  by  n  fpnctlon  equivfilent  to  or  less  tUnn  \/k 
5  »        •      »  *  between    1/A  and    1/2 

/,  »        "      "  •                 •          »/2     "      5/A 

5  •        »      •  •                 •          5/*     »      1/1 

6  Nonnal 

Plate  18. 


Plate  19. 


TONAL  RANGES.  ^ITI 

PLATE  18  is  a  composite  graph  of  the  results  obtained 
from  tuning  fork  examinations.  It  is  difficult  to  express 
in  a  uniform  manner  the  results  obtained  in  tuning  fork 
examinations  when  different  denominators  are  used  to 
represent  normal  hearing  for  different  tuning  forks.  I^or 
example ;  in  measuring  the  hearing  power  for  the  tuning 
forks  we  represent  the  hearing  for  a  normal  ear  in  term.-^ 
of  distance  as  the  denominator  of  a  fraction.  The  hearing 
power  for  that  fork  by  a  pathological  ear  is  recorded  in  the 
same  terms  in  the  numerator.  For  the  c^  fork,  since  a  very 
slight  impact  produces  a  sound  heard  at  a  considerable  dis- 
tance, we  use  the  denominator  60.  The  256  fork  is  heard 
at  a  less  distance  and  we  use  24  for  the  denominator.  For 
similar  reasons  we  use  the  denominator  4  with  the  50  d.  v. 
fork. 

In  order  to  make  an  analysis  of  our  results  we  have 
arbitrarily  divided  our  results  into  six  classes ;  those  who 
do  not  hear  the  fork  at  all,  are  put  in  class  1,  those  who 
hear  the  fork  when  it  is  very  loud  as  indicated  by  fractions 
equivalent  to  one-fourth  or  less  we  have  put  in  Class  2. 
those  who  hear  it  by  values  indicated  by  the  fractions  be- 
tween one-fourth  and  one-half  are  put  in  Class  3 ;  those  ^ 
who  hear  it  by  fractions  from  one-half  to  three-fourths  arc 
put  in  Class  4 ;  those  who  hear  it  from  three-fourths  to  less 
than  normal  are  put  in  Class  5 ;  and  those  who  hear  it  nor- 
mally are  put  in  Class  6.  The  curve  shows  that  twenty-one 
cases  did  not  hear  the  50  d.  v.  fork  at  all ;  three  did  not  hear 
the  c^  fork ;  fourteen  heard  the  50  d.  v.  fork  with  a  fraction 
equivalent  to  one-fourth  or  less  ;  while  twenty-seven  heard 
the  c^  fork  with  results  indicated  by  a  fraction  of  one- 
fourth  or  less.  You  will  notice  that  the  512  d.  v.,  1024  d.  v. 
and  2048  d.  v.  forks  run  almost  parallel  throughout  the  en- 
tire curve  while  the  greatest  variations  in  chronic  otorrhea 
cases  are  shown  with  the  50  d.  v.  fork  and  the  4096  d.  v. 
fork.  There  were  no  cases  where  the  hearing  was  perfect 
for  the  low  fork  and  two  cases  where  the  hearing  was  nor- 
mal for  the  4,096  d.  v.  fork. 
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PLATE  19  shows  the  results  of  the  audiometer  examina- 
tions in  ten  cases  of  chronic  otorrhea.  It  is  inserted  to 
show  the  frequency  with  which  such  phenomena  as  tone 
islands,  gaps  and  other  peculiarities  exist.  These  peculiari- 
ties are  indicative,  in  our  judgement,  of  lesions  of  the  nerve 
or  end  organ.  For  example,  curve  No.  8  shows  simply  a 
region  of  residual  hearing  for  tones  between  500  d.  v.  and 
1,500  d.  V.  No.  7  while  rising  much  higher  on  the  chart, 
shows  two  islands  with  the  interlying  gaps  at  2,500  d.  v. 
and  at  about  3,200  d.  v..  Curve  No.  9,  even  though  rising  to 
the  normal  at  1,000  d.  v.,  shows  that  the  low  tones  are  lost, 
that  there  is  a  decrease  for  notes  above  1,200  d.  v.  and  a 
return  to  almost  normal  at  5,500  d.  v. 

Sixty-six  percent,  of  the  records  of  cases  with  chronic 
otorrhea  show  either  complete  or  marked  partial  tone  gaps. 
These  do  not  include  such  cases  as  are  illustrated  by  curves 
No.l,  2,  and  8  which  are  equally  significant  of  an  inner  ear 
lesion. 

In  only  one  case  L.  P.  age  13  did  a  tone  gap  disappear 
with  treatment. 

Hyperplastic  Otitis  Media.  Thirty  cases  of  bilateral  H. 
O.  M.  and  four  cases  of  unilateral  H.  O.  M.,  or  sixty-four 
ears  were  studied.  Rinne  was  negative  in  thirty-three 
ears,  positive  in  thirty  ears,  questionable  in  one  ear.  There 
was  decreased  bone  conduction  in  forty-four  ears,  increased 
bone  conduction  in  sixteen  ears,  normal  in  four  ears.  The 
upper  limit  was  decreased  by  B.  C.  2,000  or  more  d.  v.  in 
forty-nine  ears. 

Twenty-one  ears  had  complete  tone  gaps  in  the  audio- 
meter findings.  In  eight  more  there  were  marked  partial 
gaps  or  45^  showing  these  peculiarities.  In  addition  to 
this  there  were  34  cases  where  there  were  marked  depress- 
ions equally  indicative  of  inner  ear  involvement. 

PLATE  20  shows  the  curves  of  ten  typical  cases  of  H. 
O.  M.  Complete  tone  gaps  are  illustrated  in  curve  No.  10 
which  has  a  gap  at  2,400  d.  v.  and  another  at  2,000.  Curve 
No.  9  shows  a  dip  or  partial  gap  at  1,600  d.  v.  No.  6,  while 
not  showing  either  a  partial  or  complete  gap  shows  that  the 
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hearing  was  normal  up  to  1,500  d.  v.  and  decreased  more 
and  more  for  tones  higher  in  the  scale.  A  curve  of  this 
type  certainly  indicates  a  lesion  of  the  nerve  or  end  organ. 
Curve  No.  8  shows  only  a  patch  of  residual  hearing  between 
100  d.  V.  and  1,500  d.  v.  Each  curve  shows  marked  diminu- 
tion in  the  audition  for  the  c^  fork.  In  the  next  plate  you 
will  note  that  in  only  eight  of  the  sixty-four  ears  was  the 
c^  fork  heard  normally. 

PLATE  21  shows  a  composite  of  the  tuning  fork  cases 
in  hyperplastic  otitis  media.  Here  we  have  made  the  same 
arbitrary  divisions  as  we  did  with  Plate  No.  18.  Here 
again  we  see  that  the  larger  variation  is  shown  with  the 
4096  d.  v.  and  the  50  d.  v.  forks.  The  1024  d.  v.  and  the 
2048  d.  V.  forks  run  almost  parallel  through  the  entire 
range.  While  there  were  no  cas'es  where  the  4096  d.  v. 
fork  was  not  heard  there  were  51  cases  who  could  hear  this 
fork  only  when  it  was  struck  very  loud  as,  for  instance, 
when  the  fork  was  forcibly  struck  against  the  heel  of  the 
shoe,  twenty  cases  did  not  hear  the  50  d.  v.  fork. 

Note  that  in  eight  cases  the  50  d.  v.  fork  was  heard  appar- 
ently normal.  In  these  eight  cases  the  lesion  of  the  nerve 
or  end  organ  over-shadowed  the  middle  ear  lesion. 

A  study  of  the  clinical  charts  of  these  cases  shows 
evidence  of  the  involvement  of  the  nerve  or  end  organ  in 
every  ear  affected  save  one. 

PLATE  22  F.  K.  shows  the  curves  of  a  bilateral  case  of 
H.  O.  M.  Note  the  negative  Rinne,  slightly  decreased  B. 
C,  power  of  hearing  low  and  high  notes  markedly  inter- 
fered with  in  each  ear,  tone  gaps  in  the  audiometer  curve, 
and  upper  limit  markedly  decreased  both  by  A.  C.  and  B.  C. 

PLATE  23  C.  L.  shows  in  the  ;"ight  ear  bone  conduction 
normal,  and  negative  Rinne,  audiometer  curve  practically 
normal,  upper  limit  normal.  In  the  left  ear  B.  C.  is  de- 
creased five  seconds.  The  right  ear  of  this  case  was  the 
only  one  of  the  sixty-four  ears  studied  that  did  not  show 
some  evidence  of  involvement  of  nerve  or  end  organ. 
Hearing  was  poorer  in  the  right  ear. 
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There  was  found  no  definite  relation  between  the  extent 
of  the  inner  ear  lesion  as  compared  with  the  middle  ear 
lesion. 

PLATE  24  shows  the  findings  in  H.  S.  aged  62,  and  in 
C.  P.  aged  62.  The  objective  findings  of  the  middle  ear 
were  similar.  In  one  case  the  bone  conduction  is  -5  sec- 
onds and  in  the  second  case  it  is  -12  seconds.  In  the  first 
case,  the  audiometer  curve  shows  a  tone  gap  in  the  left  ear 
and  in  the  second  case  there  is  none.  In  the  audiometer 
curve  the  upper  notes  are  heard  much  poorer  in  the  first 
than  in  the  second.  In  the  first  case  the  upper  limit  is  so 
low  that  it  cannot  be  detected  using  the  Galton  whistles 
or  the  monochord  either  by  A.  C.  or  B.  C.  and  with  the  Koe- 
nig  cylinders  it  is  only  approximately  half  normal  21,000  s. 
v.  instead  of  41,000,  while  in  the  second  case  the  upper  limit 
is  decreased,  it  is  16,000  by  B.  C.  with  the  monochord.  The 
lesion  of  the  nerve  or  end  organ  is  much  more  marked  in 
the  first  than  the  second  case.  In  the  second  case,  the  one 
with  the  least  involvement  of  the  nerve,  had  a  positive 
Wassermann,  the  first  one  not. 

PLATE  25  (Findings  of  Miss  D.  and  H.  B.) 

The  age  of  the  first  is  twenty-five  years  and  the  age  of 
the  second  is  twenty  years.  The  hearing  in  the  left  ear  is 
approximately  the  same  for  whisper.  In  the  first  case  B. 
C.  left  is  increased,  the  tuning  fork  test  shows  fair  hearing 
for  the  c^  and  c^  fork,  the  upper  limit  by  B.  C.  is  normal, 
the  audiometer  curves,  while  there  is  a  gap  in  the  right  ear 
and  depressions  in  the  left  shows  fair  hearing  for  some  of 
the  notes  in  the  higher  part  of  the  range.  In  the  second 
case,  however,  B.  C.  for  c^  fork  is  -5,  c^  fork  -6,  hearing  for 
the  c*  and  c^  fork  is  markedly  decreased,  the  audiometer 
curves  show  a  cutting  down  of  the  higher  notes  to  4,000, 
the  upper  limit  by  B.  C.  is  15,000.  The  evidence  points  to 
a  much  more  marked  lesion  of  the  nerve  or  end  organ  in 
the  second  case  than  in  the  first. 

In  one  case  of  H.  O.  M.  while  under  observation  acute 
suppurative  otitis  developed.  With  the  diminution  in  hear- 
ing the  B.  C.  which  was  plus  4  in  the  left  ear  became  de- 


278 


DEAN  AND  BUNCH 


>»8 


r 

^ 

^ 

^ 

/ 

\ 

^ 

', 

\ 

/ 

i 

I 

1 

1 

1 
1 

', 

_,. 

'  /'' 

f 

1 

\ 

V 

1 

' 

;' 

/ 
/ 

'•'._ 

N. 

• 

( 

', 

,'•* 

•••^ 

7" 

V 

'' 

.' 

/  .' 

1 

\ 

/  ,' 

f 

I 

• 

1 

1 

/ 

- 

1 

1 

/ 

• 

/- 

^^ 

1 

? 

t- 


Pitch 


>»2 

s 

•  - 


8«. 


r 

\ 

/ 

\ 

^ 

/ 

' 

/ 

f  \ 

/ 

1 

/ 

/ 

.  \ 

/ 

f\f 

•,  \ 

f 

1 

f 

I 

•\ 

1 

•.\ 

.' 

1 

,\ 

^, 

) 

.'/ 

\ 

.^ 

/ 

;/ 
•/ 

* » 

N 

/ 

.-/ 

/ 

•; 

^ 

V 

\ 

,' 

1 

\ 

*"^ 

). 

o      o     p 
•-t      »»      t- 


Pitch 


Plate  25. 


TONAL,  RANGES.  270 

creased.  With  the  disappearance  of  the  acute  otitis  it  be- 
came plus  again. 

Our  cases  of  H.  O.  M.  frequently  tell  of  improvement  in 
hearing  that  is  satisfactory  to  them  following  one  kind  of 
treatment  or  another.  Our  tests  have  failed  to  show  any 
actual  improvement  in  any  case  unless  the  lesion  of  the 
nerve  or  end  organ  greatly  over-shadowed  the  middle  ear 
lesion  and  the  improvement  resulted  from  the  treatment  of 
the  case  for  syphilis,  or  removal  of  tonsils,  or  whatnot. 

PLATE  26.  H.  J.  is  a  case  of  H.  O.  M.  where  there  was 
also  a  plus  4  Wassermann.  Note  the  positive  Rinne  with 
the  c^  fork  and  the  greatly  decreased  B.  C.  with  the  same 
fork  and  a  negative  Rinne  with  the  c^  fork  which  is  de- 
creased only  six  seconds.  This  patient's  deafness  has 
rapidly  appeared  in  the  last  six  months.  It  has  progressed 
too  rapidly  for  H.  O.  M.  The  syphilitic  lesion  of  the  nerve 
or  end  organ  is  more  responsible  for  the  deafness. 

PLATE  27.  J.  C.  is  a  case  of  H.  O.  M.  with  negative 
Wassermann  and  no  evidence  of  syphilis  where  the  lesion 
of  nerve  or  end  organ  greatly  over-shadowed  the  middle 
ear  lesion.  Note  the  Rinne  plus,  B.  C.  decreased  6  seconds 
and  4  seconds,  the  tuning  forks  suggestive  of  lesion  ot 
nerve  or  end  organ.  The  upper  limits  by  B.  C.  12,000  d.  v. 
and  13,000  d.  v.  The  curve  is  also  characteristic  of  lesion 
of  nerve  or  end  organ. 

A  study  of  the  unilateral  cases  of  H.  O.  M.  gives  some 
very  interesting  information.  Four  cases  were  studied. 
In  the  unaffected  ear.  negative  Rinne  in  no  cases.  De- 
creased B.  C.  in  two  cases,  upper  limit  decreased  2,000  or 
more  by  B.  C.  in  three  cases.  In  all  four  of  the  unaffected 
ears  there  was  some  evidence  of  lesion  of  nerve  or  end 
organ  if  we  include  the  findings  with  tuning  forks  and 
audiometer. 

Conclusions: 

I.  The  determination  of  the  upper  limit  by  B.  C.  is  a 
far  more  accurate  indication  of  the  condition  of  the  acous- 
tic nerve  and  its  end  organ  than  its  determination  by  A.  C. 
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II.  It  is  usual  in  acute  middle  ear  infections  even  in 
the  early  stages  to  find  evidences  of  involvement  of  nerve 
or  end  organ.  Rarely  with  the  present  methods  of  diag- 
nosis are  we  unable  to  find  evidence  of  such  involvement. 

III.  The  lesion  of  nerve  or  end  organ  is  not  necessarily 
dependent  upon  the  acute  middle  ear  infection.  There  'is 
no  definite  relation  between  the  severity  of  the  middle  ear 
infection  and  the  lesion  of  nerve  or  end  organ.  When  the 
middle  ear  infection  is  unilateral  the  unaffected  ear  usually 
presents  evidence  of  a  lesion  of  nerve  or  end  organ. 

IV.  After  the  disappearance  of  the  acute  middle  ear 
infection  there  may  remain  a  permanent  lesion  of  nerve 
or  end  organ. 

V.  In  every  case  of  chronic  otorrhea  except  one  there 
was  evidence  of  a  lesion  of  nerve  or  end  organ.  There  is 
an  interdependence  between  the  middle  ear  lesion  and  that 
of  the  nerve  or  end  organ. 

VI.  In  the  H.  O.  M.  cases  every  ear  studied  save  one 
presented  evidence  of  lesion  of  nerve  or  end  organ. 

VII.  In  H.  O.  M.  there  is  no  constant  relation  between 
the  extent  of  the  lesion  in  the  middle  ear  and  the  lesion 
of  nerve  or  end  organ. 
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MINUTES. 

The  fifty-sixth  Annual  meeting  of  the  American  Oto- 
logical  Society  was  held  at  the  Ambassador  Hotel,  Atlantic 
City,  N.  J.,  May  14th  and  15th,  1923. 

The  following  members  and  guests  registered  during 
the  meeting. : 
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Business  Meeting. 

Monday  Morning,  May  14th,  1923,  executive  session 
at  9  o'clock.  Dr.  George  E.  Shambaugh,  President,  opened 
the  meeting.  The  Minutes  of  the  Fifty-fifth  Annual  Meet- 
ing were  read,  and  after  a  correction  presented  by  Dr. 
Dench,  were  approved. 

The  following  nominations  for  membership  were 
made: 

Dr.  Frank  L.  Dennis,  Colorado  Springs.  Proposed  by 
Dr.  James  F.  McKernon,  seconded  by  Dr.  B.  Alexander 
Randall. 

Dr.  H.  I.  Lillie,  Rochester,  Minn.  Proposed  by  Dr.  L.  W. 
Dean,  seconded  by  Dr.  Max  A.  Goldstein. 

Dr.  R.  Sonnenschein,  Chicago.  Proposed  by  Dr.  Charles 
E.  Perkins ;  seconded  by  Dr.  B.  Alexander  Randall. 

Dr.  Nolton  Bigelow.  Proposed  by  Dr.  Harris  P. 
Mosher ;  seconded  by  Dr.  Francis  P.  Emerson. 

These  names  were  referred  to  the  Council  to  report 
action  at  next  meeting. 

The  Secretary  presented  his  report  as  Treasurer  of 
the  Society,  for  the  year  just  ended. 

Upon  motion,  duly  seconded,  the  report  was  ordered 
received  and  placed  on  file. 

Upon  motion,  duly  seconded,  the  President  was  author- 
ized to  appoint  an  auditing  committee  to  audit  the  Treas- 
urer's books.  He  appointed  Dr.  Francis  P.  Emerson  to  act 
as  auditing  Committee. 

Treasurer's  Report. 
Expenditures  for   1922-1923. 

May  9,  1922     Dr.  J.  G.  Wishart   (Expenses, 

publication  of  circular  $10.00 

May  22,  1922     Postage    4.00 

May  22,  1922     E.  B.  Thompson,    (Steroptican 

at   Washington)     32.50 

June  7,  1922  V.  B.  Alvarez,  (Report  of  an- 
nual   meeting)     135.00 
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July  25,  1922     V.  B.  Alvarez,  (Distribution 

of  discussion    57.10 

Oct.            3,  1922     Postage 4.00 

Nov.             2,  1922     Postage    and    book 5.00 

Nov.          28,  1922     Postage 2.00 

Nov.          29,1922    Thomas  J.  Harris 50.00 

Dec.          22,  1922     Postage 4.00 

Feb.  10.  1923     George  H.  Reynolds,  (Printing 

of  transactions)    1,151.81 

March     26,  1923     Postage 2.00 

Bank  charge  of ,70 


$1,438.11 


1923— May  1st 

Balance  brought  forward  from  April  29.  1922  829.83 

Receipts  during  year,  May  2  to  April  26  1,512.65 


$2,342.48 
Expenditures  as  above 1,438.11 


904.37 
$15  check  of  last  year  deposited  but  not  recorded  15.00 


Balance    $919.37 


Dr.  Dench,  as  chairman  of  the  Committee  on  the 
Standardization  of  Tuning  Forks,  presented  the  following 
report : 

May  14,   1923. 

The  Society  last  year  adopted  as  the  low  limit  of  audi- 
tion the  Dench  tuning  fork,  26  to  64  double  vibrations,  and 
a  fork  of  256  double  vibrations  for  bone  conduction,  the 
latter  fork  being  made  with  a  broad  base  so  as  to  allow 
it  to  be  better  applied  to  the  mastoid.  Such  forks  are  man- 
ufactured by  the  Clay  Adams  Co.  of  New  York. 

Further  investigations  were  undertaken  regarding  the 
standardization  of  the  Galton  Whistle.  It  has  been  found 
impossible  to  find  a  maker  for  the  Standard  Galton  Whistle, 
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with  the  exception  of  the  Bezold  Edelman  whistle,  made  in 
Munich,  which  is  too  expensive. 

The  Committee  then  considered  the  possibility  of  hav- 
ing only  a  part  of  the  scale  standardized,  namely :  Six, 
twelve,  eighteen  and  twenty-four  thousand  double  vibra- 
tions, so  as  to  determine  the  upper  tone  limit.  The  makers 
were  approached,  but  did  not  consider  this  plan  feasible  as 
yet.  The  Galton  whistles  on  the  market  at  present  are  not 
accurate,  iDut  approximate  estimates  may  be  made  recording 
the  upper  limit  in  cases  as:  "Slightly  reduced;"  moder- 
ately reduced ;"  "much  reduced ;"  "greatly  reduced ;"  cor- 
responding roughly  to  24000,  18000,  12000,  and  6000  double 
vibrations.  This  plan  of  using  the  stock  Galton  and  the 
fork  was  tried  at  the  Neurological  Institute,  in  combina- 
tion with  the  Dench  fork,  and  the  fork  of  256  double  vibra- 
tions, and  answered  fairly  well. 

Another  point  recommended  is  to  hold  the  tuning 
fork  horizontally,  so  as  to  avoid  tactile  sensibility.  With 
the  Galton  whistle,  the  sound  of  air  must  not  be  confused 
with  that  of  the  whistle.  The  tuning  fork  can  be  used  for 
quantitative  as  well  as  a  qualitative  test. 

A  l^lank  for  taking  aural  histories  has  been  compiled, 
and  is  a  combination  of  various  hospital  blanks,  viz:  St. 
Luke's  Hospital,  New  York  Eye  and  Ear  Infirmary,  and 
the  Neurological  Institute.  The  Committee  suggests  that 
the  blank  may  be  modified  to  suit  requirements. 
Respectfully  submitted, 

LEE  WALLACE  DEAN 
J.  GORDON  WILSON, 
ALEX.  RANDALL, 

Committee. 
EDWARD    B.   DENCH, 
Chairman. 

Upon  motion,  duly  seconded,  the  report  was  ordered 
received  and  placed  on  file. 

Upon  motion,  duly  seconded  and  carried,  the  Commit- 
tee was  ordered  to  be  continued  and  to  report  from  time  to 
time. 
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(4) 
Caloric  cold  Rt. 
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Pointing  after  cold  Lt. 

Caloric  heat  Rt. 
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Ano.  Ano. 
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Discussion 

Dr.  B.  Alexander  Randall,  Philadelphia,  said  r  I 
feel  that  in  addition  to  the  recommendations  of  the  Com- 
mittee as  to  instruments  a  word  should  be  said  as  to  their 
use.  since  a  great  deal  of  very  poor  testing  is  done  with 
respect  to  the  hearing.  Quantitative  tests  should  be  made 
as  well  as  qualitative,  for  few  practioners  and  patients  feel 
satisfied  without  a  quantitative  hearing  test.  A  fork  in  the 
middle  register,  as  middle  C,  would  be  suitable.  As  to  des- 
ignation of  forks  this  should  be  according  to  vibrations. 
The  use  of  capitals  and  small  letters,  or  over  or  underscor- 
ing, to  show  which  octave  is  intended,  is  vague  to  a  great 
many  men.  I  have  long  employed  such  designation  accord- 
ing to  vibrations,  starting  with  the  Dench  fork,  at  25  or  50 
d.  V.  s.,  and  working  with  forks  up  to  four  thousand,  then 
using  the  Galton  Whistle.  This  shows  the  octave  intended, 
which  the  varying  nomenclatures  do  not.  In  my  work  I 
use  the  A-fork  of  200  double  vibrations  as  being  the  central 
test  because  I  have  such  and  have  employed  it  these  40 
years. 

I  regard  it  as  essential  that  the  tuning  fork  should  be 
properly  held  in  making  the  test.  The  vibration  waves 
passing  out  in  spherical  form  are  bound  to  reinforce  each 
other  in  the  axis  of  the  fork  itself,  whereas  in  oblique  lines 
there  is  interference  of  the  waves  from  the  two  lines  and 
the  fork  is  reduced  to  one  half  of  the  energy  it  is  supposed 
to  represent.  If  the  fork  is  pointed  towards  the  ear  we  get 
reinforcement  of  the  audible  vibrations  and  minimal  pal- 
pable vibrations.  There  is  carelessness  also  in  the  use  of 
the  Galton  Whistle.  This  should  be  held  with  the  opening 
turned  away  from  the  ear,  which  will  avoid  palpable  vibra- 
tions, and  much  of  the  puffing  sound.  If  it  is  held  at  the 
upper  part  of  the  helix  opposite  the  Darwinian  tubercle, 
we  get  the  purest  sound  from  the  whistle  itself.  I  am  in 
favor  of  the  Weber  test,  now  frequently  condemned  by 
many  men.  I  think  the  errors  in  its  employment  are  in 
the  examiner  and  not  in  the  test.     Properly  made  this  test 
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is  of  great  practical  importance,  .  The  Gardner  Brown  test, 
where  the  tuning  fork  is  set  on  the  bridge  of  the  nose,  is 
practical,  simple,  takes  very  little  time  and  gives  good  re- 
sults. The  Politzer  test  of  the  vibrating  fork  held  before 
the  nostrils  as  the  patient  swallows,  is  often  ignored.  It  is 
not  exactly  a  test  of  hearing,  but  of  the  physiological  open- 
ing of  the  Eustachian  tube.  This  opening  of  the  tubes  is 
important  and  one-half  the  instances  of  tinnitus  are  due 
to  its  defect.  Employing  the  fork  of  200-256  vibrations  to 
test  the  distance  at  which  it  is  heard,  is  hard  to  determine 
in  a  crowded  clinic ;  but  in  some  moment  of  silence  if  the 
fork  can  be  heard  at  30  c.  m.  distance,  it  marks  its  fair  audi- 
bility for  the  patient.  It  is  not  necessary  to  make  quantita- 
tive tests  for  the  whole  range.  One  should  employ  one 
fork  in  this  fashion.  I  think  the  medium  tone  most  impor- 
tant. 

I  have  tried  to  get  the  instrument  makers  to  give  us 
a  properly  constructed  Galton  Whistle,  but  have  had  no 
success  of  late.  The  whistles  at  present  on  the  market  are 
not  reliable.  The  5  or  6  Edelmann  whistles  which  I  have 
tested  are  not  consistant  with  each  other  or  with  the  orig- 
inal Galton  whistle,  which  is  far  simpler  and  less  expensive, 
if  we  can  obtain  it. 

Dr.  Edward  B.  Bench  said :  In  the  history  blank 
shown  the  condition  of  the  upper  air  tract  and  of  the  teeth 
are  mentioned.  In  regard  to  determiniation  of  the  upper 
tone  limit,  the  number  of  vibrations  made  by  the  fork,  and 
not  letters,  should  be  recorded.  This  eliminates  the  possi- 
bility of  error. 

Dr.  M.  A.  Goldstein  said :  This  case  record  blank  is 
so  complete  that  I  feel  that  more  definite  record  of  the 
actual  tuning  fork  results  should  be  included.  You  have 
the  upper  and  lower  tone  range,  but  you  don't  know  with 
what  details  you  obtain  them.  If  it  can  be  done,  the  rig'ht 
and  left  sides  should  be  so  arrranged  that  they  can  be  com- 
pared. That  would  add  to  the  value  of  the  comparative 
tests.     I  was  in  doubt,  from  a  cursory  examination,  which 
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were  the  abnormal  results  on  either  side.  We  should  indi- 
cate the  individual  tuning  fork  tests.  There  should  be'  4 
tuning  forks,  two  low  and  two  high.  That  is  my  objection 
to  the  audiometer,  that  it  only  gives  down  to  64  low.  With 
incipient  otosclerosis,  the  patient  hears  64  but  does  not  hear 
32.  The  tuning  fork  results  in  this  blank  would  not  indi- 
cate that  either.  If  there  is  a  suspicion  of  otosclerotic 
character  in  the  case,  it  should  be  indicated  by  the  blank, 
or  you  would  have  to  make  your  tests  again. 

Dr.  Edward  B.  Dench  said :  I  admit  the  blank  is  de- 
fective for  the  purpose  of  determination  of  islands  of  hear- 
ing for  the  deaf  mute.  In  general  practice,  however,  is- 
lands of  hearing  are  not  so  important.  Such  a  record  would 
take  up  too  much  space  in  ordinary  practice.  If  you  put 
the  lower  limit  as  128,  no  fork  is  heard  below  that ;  if  the 
upper  limit  is  12000  it  means  no  higher  note  is  heard;  be- 
tween the  two,  in  the  vast  majority  of  cases,  we  need  no 
other  test.  We  have  a  folded  sheet  inside  for  additional 
data,  and  if  necessary,  more  information  might  be  added  on 
the  folder  inside,  when  testing  deaf  mutes.  If  you  take 
more  space  for  the  tuning  fork  in  ordinary  cases,  it  takes 
away  from  space  for  the  static  labyrinth  I  believe  Dr. 
Goldstein's  suggestions  are  very  valuable,  and  the  discuss- 
ion on  this  work  should  be  printed  in  full. 

Upon  motion,  duly  seconded,  the  report  of  this  Com- 
mittee was  ordered  accepted  and  placed  on  file. 

Upon  motion,  duly  seconded,  the  Committee  was  or- 
dered to  be  continued  and  to  report  from  time  to  time. 

The  Committee  on  the  Deaf  Child,  through  Dr.  Gold- 
stein, reported  progress. 

Dr.  James  F.  McKernon  reported  for  the  Committee 
designated  to  inquire  into  the  advisability  of  a  closer  affilia- 
tion with  the  American  Laryngological  Society. 

On  motion,  duly  seconded,  the  report  was  ordered 
received  and  placed  on  file. 

E.  B.  DENCH. 
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Report. 

April  15th,  1923. 
To  the  Council  of  the  American  Otological  Society : 
Gentlemen : 

Your  Committee  appointed  by  the  President  at  the 
last  Annual  Meeting  of  the  Society  to  consider  and  report 
upon  the  advisability  of  an  affiliation  between  the  Ameri- 
can Otological  Society  and  the  American  Laryngological 
Association,  beg  to  report  as  follows : 

First,  The  American  Otological  Society  was  the  first 
Special  Society  formed  in  the  world,  having  for  its  object 
the  advancement  and  study  of  Diseases  of  the  Ear: 

Second,  Being  the  oldest  Society  it  would  be  regretta- 
ble to  submerge  its  identity  in  that  of  another,  however 
kindred,  and,  further,  we  believe  it  unwise,  because  with 
the  affiliation  of  two  such  active  Societies  as  the  American 
Otological  and  the  American  Laryngological  Association, 
not  enough  time  and  attention  could  be  given  to  a  subject 
as  broad  and  far-reaching  in  its  ramifications  as  modern 
Otology ; 

Third,  We  recommend  that,  whenever  possible,  the 
meetings  of  the  two  Societies  correspond  as  to  time  and 
place ; 

Fourth,  When  time  and  place  correspond,  that  the 
meetings  of  the  Societies  be  held  on  consecutive  days. 

Respectfully  submitted, 
S.  MacCUEN  SMITH, 
FREDERICK  L.  JACK. 
JAMES  F.  McKERNON, 
Committe. 
JAS.  F.  McKERNON, 

Chairman. 

Discussion. 

Dr.  Norval  H.  Pierce  said  that  the  wording  "alternate 
days"  should  be  changed  to  "consecutive  days." 

Dr.  John  B.  Rae  said  that  the  arrangement  might  hold 
good  for  two  meetings,  but  not  for  triangle  meetings. 
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Dr.  George  Coates  said  that  the  Laryngological  So- 
ciety had  not  met  yet,  and  that  so  far  he  could  not  make 
an  official  statement  for  that  Society. 

Dr.  MacCuen  Smith  said :  When  this  plan  was  pro- 
posed last  year,  the  idea  was  that  the  two  meetings  should 
be  held,  whenever  possible,  at  the  same  place,  and  one  fol- 
lowing the  other,  without  actual  amalgamation  of  the  So- 
cieties. I  think  this  is  the  feeling  in  the  Laryngological 
Society,  but  I  believe  there  should  be  alternation  in  the 
order  of  meetings.  The  Otological  has  two  days  and  the 
Laryngological  two  days  and  a  half.  I  think  there  should 
be  a  50-50  arrangement  as  to  who  holds  the  first  meeting. 

Dr.  Goldstein  said :  This  was  a  deliberate  attempt  at 
solving  a  difficult  question,  and  if  we  adopt  the  recommen- 
dations we  preserve  the  individuality  of  the  oldest  special 
medical  society  in  the  world,  although  alternation  with  the 
Laryngological  Society  allows  of  more  close  affiliation, 
without  actual  merging.  I  think  this  was  the  spirit  of  the 
arrangement,  and  with  all  due  regard  to  the  business  ac- 
tivities of  the  members,  I  would  say  that  those  of  us  com- 
ing from  a  long  distance  are  always  willing  to  attend  both 
meetings,  and  feel  that  it  is  one  meeting  in  the  scientific 
sense.  I  believe  the  alternation  of  the  meetings  should 
be  given  serious  consideration. 

Dr.  Jack  said :  I  want  to  thank  Dr.  Goldstein  for  his 
remarks.  He  has  struck  the  key  note  of  the  intentions  of 
the  Committee.  This  method  would  preserve  our  dignity 
and  yet  leave  an  opening  for  the  Laryngological  to  make 
suggestions  and  show  a  spirit  of  cooperation. 

Dr.  Day  said :  A  large  percentage  of  members  of  the 
Otological  are  also  members  of  the  Laryngological.  I  think 
we  can  make  all  the  meetings  dovetail.  I  should  prefer  to 
see  the  societies  meet  on  successive  days,  hoping  that  the 
Trilogical  would  come  in  too. 

Dr.  Halsted  said :  Personally  I  endorse  Dr.  Gold- 
stein's views.    I  think  this  would  accomplish  what  so  many 
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members   of  both    societies   have   desired,   without   actual 
amalgamation. 

Dr.  Day  said:  If  you  can  spend  the  five  days  it  does 
not  matter  which  society  comes  first. 

Dr.  Ingersoll  said:  I  think  the  alternating  plan  would 
enable  us  to  go  to  each  society  on  alternate  days  and  not 
have  a  conflicting  program. 

Dr.  Kerrison  said :  The  Otological  Society  has  always 
aimed  to  have  a  well  balanced  symmetical  program,  so  has 
the  Laryngological.  Would  not  the  alternating  plan  rather 
spoil  the  work  done  by  the  two  Chairmen  in  having  a  reg- 
ular order  of  papers?  That  would  somewhat  influence 
the  question. 

Dr.  Pierce  said:  I  don't  think  anything  is  accom- 
plished by  alternating.  It  would  merely  increase  the  work 
of  the  two  secretaries.  I  don't  think  the  societies  will 
ever  amalgamate.  Otology  is  one  thing;  Laryngology  is 
another.  There  is  scope  for  both  societies.  All  we  need 
is  a  gentlemen's  agreement  between  the  two  societies,  so 
that  the  members  will  not  lose  too  much. 

Dr.  Dench  asked :  Is  the  Committee  willing  to  accept 
an  amendment? 

Dr.  McKernon  said  that  the  Committee  wished  to  meet 
the  wishes  of  the  Society, 

Dr.  Harris  said:  I  feel  that  this  is  an  important  matter 
and  should  be  given  sufficient  time.  This  carefully  thought 
out  report  of  the  Committee  is  an  attempt  to  get  the  two 
societies  closer  together  without  recognizing  the  possibil- 
ity of  consolidation.  I  think  the  point  in  question  hinges 
on  one  clause  in  the  report,  whether  alternating  days,  or 
consecutive  days  should  be  given  to  the  meetings.  The 
question  of  how  many  of  us  are  members  of  both  societies, 
as  compared  to  those  who  only  belong  to  one,  should  have 
some  weight.    If  the  overwhelming  proportion  of  the  men 
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are  oto-laryngologists,  then  we  are  equally  interested  in 
both  societies.  If  the  feeling  is  that  the  men  cannot  stay 
away  five  days  to  attend  both  societies,  then  Dr.  McKer- 
non's  report  should  be  adopted  without  change,  so  that 
men  can  have  a  chance  to  hear  a  part  of  both  meetings. 
Those  who  are  in  the  minority  should  give  way  to  the 
large  number  of  men  whom  it  will  decidedly  help. 

Dr.  MacCuen  Smith  said :    Will  Dr.  Jack  give  his  opin- 


ion. 


Dr.  Jack  said :  I  would  like  to  hear  a  definite  state- 
ment from  the  Laryngological  Society  before  making  final 
decision. 

Dr.  Mosher  said :  I  think  ten  years  from  now  every- 
one will  be  interested  in  oto-laryngology.  I  think  every 
other  day  would  be  a  solution.  We  could  preserve  the 
identity  of  the  Otological  by  joining,  and  of  the  Laryngo- 
logical by  not  joining. 

Dr.  Randall  said :  It  has  been  suggested  that  there  are 
otologists  who  are  not  interested  in  laryngology.  We 
should  get  rid  of  that  condition. 

Dr.  Harris  said :  As  one  of  the  secretaries,  I  do  not 
think  there  are  insuperable  obstacles  from  the  secretarial 
standpoint. 

Dr.  McKernon  said:  In  some  correspondence  during 
the  past  year,  it  has  been  brought  out  that  the  Laryngo- 
logical preferred  something  along  the  line  suggested,  which 
was  the  reason  for  the  recommendations  being  made  in  this 
form. 

The  question  was  then  put  to  vote  as  to  whether  the 
amendment  that  the  meetings  be  held  consecutive  days  be 
carried.  The  amendment  was  carried  by  12  votes  to  10. 
carried.  The  amendment  was  carried  by  12  votes  to  10,  a  ma- 
jority of  two  votes.  The  report  thus  amended,  on  motion,  duly 
seconded,  accepted. 
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May  14,     Report  of  the  Committee  on  Otosclerosis. 
Your  Committe  on  Otosclerosis  has  to  report: 

(1)  That  the  cause  of  otosclerosis  is  unknown  and 
therefore  treatment  is  practically  futile. 

(2)  That  the  pathology  of  otosclerosis  has  been  investi- 
gated by  several  otologists,  and  while  these  investigations 
have  resulted  in  an  advancement  of  our  knowledge  of  the 
changes  which  take  place  in  the  capsule  of  the  labyrinth 
and  have  apparently  proven  that  it  is  not  a  disease  depend- 
ent on  inflammatory  change  in  the  cavum,  the  opinions  of 
investigators  diverge  greatly  as  to  the  fundamental  and 
initial  changes  of  normal  tissue  of  the  labyrinthine  capsule. 

(3)  That  these  changes  have  never  been  investigated  by 
a  general  pathologist  with  special  training  in  bone  pathol- 
ogy. 

(4)  That  the  procuring  of  material  for  histologic  study 
of  the  changes  in  osseous  tissue  in  otosclerosis  is  most  diffi- 
cult. This  is  largely  due  to  the  fact  that  otosclerosis  is  not 
a  fatal  disease,  death  occurring  from  some  intercurrent 
malady. 

(5)  It  would  appear  that  the  occurrence  of  otosclerosis 
is  on  the  increase,  \^'hether  this  increase  is  absolute,  or 
due  to  better  means  of  diagnosis,  or  because  more  wide- 
spread information  regarding  diagnosis  is  to  be  obtained, 
must  be  determined  by  future  investigation. 

(6)  That  the  cause,  pathology,  prevention  and  cure  of 
otosclerosis  presents  a  prolilem  which  in  importance  is 
comparable,  from  a  national  and  international  standpoint 
and  in  world-wide  importance,  to  that  of  beriberi,  hook- 
worm disease,  and  other  diseases  which  have  been  the  sub- 
jects of  collective  investigation.  It  follows  as  a  corrollary 
that  the  utter  lack  of  scientific  investigation,  in  this  coun- 
try up  to  the  present  moment,  of  this  wide-spread  disease 
should  be  regarded  as  reprehensible  neglect. 

THEREFORE,  your  Committee  makes  the  following 
recommendations : 


% 


AMERICAN    OTOLOGICAL    SOCIETY.  3^3 

(1)  That  a  systematic  course  of  research  and  investiga- 
tion be  inaugurated  and  carried  on  for  a  number  of  years, 
the  American  Otological  Society  to  have  supervision  of  the 
work  of  investigation  and  research. 

(2)  An  endowment  of  $100,000,  or  a  yearly  grant  of 
$5,000,  for  a  term  of  years  shall  be  procured,  or  one  of  the 
endowed  institutions  may  be  approached  with  a  view  of 
taking  that  portion  of  the  laboratory  and  other  work  which 
requires  expenditure  of  money. 

(3)  A  pathologist  specially  trained  in  bone  pathology 
and  in  histologic  technic  for  preparations  of  the  ear  sec- 
tions shall  be  secured. 

(4)  Representatives  appointed  by  the  American  Oto- 
logical Society,  and  other  societies,  resident  in  the  various 
large  centers,  shall  constitute  a  working  committee  who 
are  to  collect  specimens  of  otosclerosis  from  large  institu- 
tions, such  as  poor-houses,  public  tuberculosis  sanitoria, 
large  hospitals,  and  from  private  sources.  To  these  repre- 
sentatives shall  be  entrusted  the  collection  of  histories  and 
clinical  diagnoses  of  cases,  during  the  life-time  of  the  pa- 
tients whenever  possible.  These  representatives  shall  see 
to  it  that  the  temporal  bones  are  properly  removed  from  the 
bodies,  placed  in  suitable  fixing  solution  and  forwarded  to 
the  center  of  investigation. 

(5)  That  the  center  shall  be  determined  by  the  Society, 
the  determination  being  contingent  on  the  fulfillment  of 
the  above  recommendations. 

Respectfully  submitted, 
NORVAL  H.  PIERCE,  Chairman. 

It  was  moved,  seconded  and  carried  that  this  report  be 
received  and  placed  on  file. 

Discussion 

Dr.  Randall  said :  I  rise  as  a  sceptic.  The  disease  may 
be  w'idespread,  but  it  is  very  thinly  spread.  I  have  seen 
perhaps  30  cases  that  I  should  consider  oto-sclerotic.  If 
you  accept  the  Bezold  triad  as  marking  oto-sclerosis.  we 
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shall  have  them  by  the  thousand,  but  I  don't  think  these 
are  true  cases  of  otosclerosis.  If  we  have  investigators 
studying  the  anatomy  of  an  embryo  kitten,  we  shall  waste 
time  and  money,  but  the  matter  is  one  of  sufficiently  wide- 
spread scientific  interest  to  call  for  investigation. 

Dr.  Dean  said :  The  Committee  recommended  a  sum 
of  $5,000  a  year.  I  don't  believe  that  would  be  adequate 
to  carry  out  such  an  investigation.  In  the  first  place  a  good 
pathologist,  gets  about  $8,000  a  year,  the  sum  paid  at  the 
Rockefeller  Institute.  There  is  also  a  pension  for  the 
man's  wife  and  children,  should  he  die,  which  amounts  to 
an  insurance  for  him.  Then  a  good  technician  calls  for 
$2,000  a  year,  and  this  does  not  take  account  of  travelling 
and  other  expenses  incidental  to  the  investigation.  We 
have  spent  about  $6,000  a  year  in  connection  with  the  audi- 
ometer. If  you  are  going  to  start  a  scientific  investigation, 
and  intend  to  approach  one  of  the  big  foundations,  it  is  as 
easy  to  ask  for  $20,000  as  $5,000.  I  believe  you  will  need 
$20,000  a  year. 

Dr.  Goldstein  said :  We  have  talked  a  lot  about  oto- 
sclerosis for  a  good  many  years.  I  believe  this  is  a  serious 
and  far  reaching  report.  I  do  not  believe  the  American 
Otological  Society  should  have  full  control  of  the  investiga- 
but  should  direct  it.  There  are  other  otological  organiza- 
tion, but  should  direct  it.  There  are  other  otological  or- 
ganization which  should  participate  through  their  commit- 
tees, and  form  a  combination  to  approach  such  an  institution 
as  the  Rockefeller  Foundation.  In  spite  of  what  has  been 
said,  I  think  American  brains  are  still  alive.  We  have  had 
similar  investigations  on  osteomyelitis,  and  on  rickets 
which  presents  features  similar  to  otosclerosis.  I  believe 
a  trained  pathologist  should  be  developed  along  these  lines, 
and  that  the  Rockefeller  Foundation  should  be  approached 
by  the  otological  organizations  of  America. 

Dr.  Dench  said :  Before  we  approach  the  Rockefeller 
Foundation  we  must  make  efifort  ourselves.  If  we  can 
show  these  men  that  we  are  making  a  serious  attempt  to 
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raise  money  they  will  be  interested  in  the  work.  The  Oto- 
logical  Society  should  assess  members  a  small  amount  to 
raise  funds.  If  all  the  societies  do  that,  and  then  go  to 
the  Rockefeller  Foundation  and  ask  for  further  help  they 
will  see  that  we  are  in  earnest  with  our  pocket  books  as 
well  as  our  ideas. 

Report  of  the  Necrologist. 

The  Necrologist,  Dr.  B.  Alex.  Randall  reported  the 
death  of  Dr.  E.  B.  Sutphen.  The  following  notice  was  pre- 
sented: 


THERON  YEOMANS  SUTPHEN, 
of  Newark,  N.  J. 

I  regret  that  I  am  not  prepared  with  any  adequate  note  of 
our  deceased  Fellow,  of  whose  death  I  was  but  recently 
appraised,  when  I  was  not  able  to  seek  details  of  his  career. 
Youthful  in  aspect  and  with  a  fresh  interest  in  all  that  con- 
cerns us,  he  contributed  to  our  gatherings  rather  by  stim- 
ulus of  an  eager  listener  than  as  taking  part  in  our  pro- 
grams or  discussions.  His  dates  of  birth  and  graduation 
from  Bellevue  will  be  a  surprise  to  most  of  those  who  met 
hirn  only  at  our  gatherings  for  he  seemed  hardly  in  his 
forties,  though  I  remember  a  pleasant  meeting  with  him 
and  his  nearly  grown  son  at  the  Chicago  World's  Fair,  30 
years  ago.  A  modest,  capable  man,  he  has  left  his  mark  on 
his  community,  rather  than  upon  our  scientific  archives. 


Upon  motion,  duly  seconded,  the  report  was  ordered 
received  and  placed  on  file. 

Dr.  Emerson,  for  the.  Auditing  Committee,  reported 
that  the  books  of  the  Treasurer  had  been  examined  and 
found  correct. 
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Upon  motion,  duly  seconded,  the  report  was  ordered 
received  and  placed  on  file. 

The  Council,  acting  as  Nominating  Committee,  made 
the  following  report : 
For  President— Y)v.  John  B.  Rae, 

Vice-President — Dr.  D.  Harold  Walker, 

Secretary-Treasurer — Dr.  Thomas  J.   Harris, 

Additional  member  of  Council — Dr.  J.  G.  Wilson. 

Upon  motion,  duly  seconded,  the  report  was  ordered 
received  and  placed  on  file,  and  the  Secretary  cast  one 
vote  for  the  nominations  as  presented. 

The  Secretary  stated  that  he  had  cast  one  vote  for  the 
officers  named  by  the  Council. 

The  following  men  were  recommended  by  the  Council 
for  active  membership  in  the  Society : 

Dr.  John  J.  McCoy,  New  York, 

Dr.  J.  K.  M.  Dickie,  Ottawa,  Canada, 

Dr.  Lewis  Fisher,  Philadelphia,  Pa. 

Dr.  Perry  Goldsmith,  Toronto.  Canada. 

It  was  moved,  seconded,  and  carried,  that  the  Secre- 
tary be  instructed  to  cast  one  ballot  for  the  candidates 
named.  This  being  done  they  were  thereupon  declared 
elected. 

Under  the  Heading  of  New  Business  it  was  moved, 
seconded,  and  carried  that  the  assesment  of  $15  per  mem- 
ber for  dues,  be  increased  to  $25  per  member,  $10  of  which 
should  be  devoted  exclusively  to  the  purpose  of  a  fund  for 
the  investigation  of  otosclerosis. 

Upon  motion,  duly  seconded,  and  carried,  the  guests 
of  the  Society  were  invited  to  take. part  in  the  discussions. 

This  closed  the  Executive  Sessions.  The  Scientific 
Sessions  immediately  convened. 
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THE  DEPARTMENT  OF  OTOLOGY  IN  THE  UNIVER- 
SITY SCHOOL  OF  MEDCINE. 

By    GEORGE    E.    SHAMBAUGH,    M.    D.,    Chicago,    111. 

The  department  of  otology  in  a  medi'cal  school  implies  a 
department  where  instruction  in  this  specialty  is  provided  for 
undergraduate  medical  students.  In  the  old  type  medical  school 
this  instruction  for  undergraduate  medical  students  constituted 
the  primary  and  only  recognized  function  of  the  special  de- 
partment. The  taking  over  of  medical  instruction  by  the  Uni- 
versity means  something  more  than  the  transference  of  under- 
graduate instruction.  The  department  of  otology  in  a  univer- 
sity school  of  medicine  should  imply  a  department  with  the 
same  ideals  and  the  same  aspiration  essential  in  any  university 
department.  It  should  imply  a  place  in  which  research  is  rec- 
ognized as  one  of  its  most  important  functions  and  where  grad- 
uate students  may  come  for  special  training. 

In  the  medical  school  where  everything  was  focused  on  the 
instruction  for  the  undergraduate  student  of  medicine,  the  ex- 
pansion of  the  special  departments  often  led  to  an  over-empha- 
sis in  the  curriculum  of  the  teaching  in  these  specialties.  The 
energetic,  ambitious  instructor  was  often  inclined  to  urge  more 
and  more  work  for  the  students  in  his  own  department.  The 
rivalry  for  requiring  credits  was  more  or  less  general  between 
the  several  departments,  for  the  reason  that  their  importance 
and  their  success  was  gauged  largely  by  the  number  of  credits 
required  of  the  undergraduate  student.  In  some  institutions 
the  more  aggressive  heads  of  certain  departments  succeeded 
as  might  be  expected  in  requiring  more  work  than  the  relative 
importance  of  their  subject  warranted.  This  tendency  has 
brought  out  the  criticism  that  undergraduate  medical  instruction 
was  working  toward  the  training  of  specialists,  rather  than  the 
rnrning  out  of  adequately  prepared  general  practitioners.  The 
reaction  against  this  tendency  has  been  inevitable.  The  sug- 
gestion has  been  seriously  made  of  eliminating  the  specialist 
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from  instructing  medical  students  and  of  relegating  what  in- 
struction in  the  special  fields  the  undergradute  should  receive 
to  the  general  practitioner.  This  is  but  the  general  though  rather 
extreme  reaction  against  what  many  have  recognized  as  a  harm- 
ful tendency,  namely  the  over-emphasis  of  the  specialties  In  the 
undergraduate  curriculum.  As  a  matter  of  fact,  each  particular 
field  of  medicine  is  now  a  recognized  specialty  to  which  one 
may  restrict  his  work  if  he  so  desires.  It  requires  no  particular 
argument  to  show  that  those  facts  which  the  undergradute 
should  be  taught,  for  example,  regarding  the  heart,  can  best  be 
])resented  by  the  internist  who  is  concentrating  his  attention 
on  cardiac  disturbances.  In  exactly  the  same  way,  those  facts 
in  otology  which  it  is  essential  for  the  student  to  know  can  best 
be  presented  by  the  experienced  otologist,  rather  than  by  one 
engaged  in  general  practice.  The  whole  problem  here  is  clearly 
one  of  more  careful  supervision  of  the  curriculum  so  as  to  pre- 
vent an  over-emphasis  of  any  particular  subject. 

With  the  broader  conception  necessarily  implied  in  a  de- 
partment of  otology  in  a  university  school  of  medicine,  that  is 
a  place  where  research  is  fostered  and  where  graduate  students 
may  come  for  training  as  well  as  where  the  instruction  in 
otology  proper  for  undergraduate  medical  students  is  provided, 
there  is  every  reason  for  permitting  and  encouraging  the  expan- 
sion of  the  department,  making  of  it  a  centre  for  the  develop- 
ment of  research  and  for  graduate  training.  A  department  of 
otology  preeminent  in  research  and  as  a  place  for  graduate 
work  would  add  prestige  to  the  entire  university,  and  its  growth 
and  success  would  be  welcomed  by  every  other  department. 

In  this  triple  role,  instruction  for  undergraduate  niedical 
students  would  play  but  a  minor  part.  The  equipment  neces- 
sary for  carrying  on  research  work,  the  organization  whereby 
graduate  students  may  get  proper  training  for  taking  up  spe- 
cial practice,  these  are  the  bigger  problems  and  without  proper 
■attention  to  these  needs  the  department  should  not,  strictly 
speaking,  be  called  a  bona  fide  department  of  a  university  school 
of  medicine. 

Let  us  consider  now  what  facilities  are  essential  in  this 
broader  conception  of  a  university  department  of  otology.    We 
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may  overlook  the  matter  of  undergraduate  instruction  for 
medical  students,  as  this  is  already  adequately  provided  for.  The 
chief  problem  here  is  for  supervision  in  order  to  prevent  too 
much  work  being  required  of  students  in  any  special  depart- 
ment. Three  essentials  stand  out  as  necessary  for  a  properly 
organized  university  department  of  otology.  The  first  is  an 
adequate  out-patient  department,  one  properly  equipped  and 
properly  manned.  The  makeshift  equipment  so  often  provided 
for  this  work  is  not  proper  equipment.  Too  often  the  physician 
is  expected  to  work  in  the  out-patient  department  Vv^ith  an  equip- 
ment which  he  would  not  think  of  tolerating  in  his  private 
practice.  This  is  entirely  wrong.  As  an  educational  center  it 
is  important  that  everything  about  the  place  should  be  an  object 
lesson  to  both  patient  and  graduate  student  of  how  the  work  can 
best  be  done.  No  expense  should  be  spared  to  make  this  equip- 
ment as  nearly  as  possible  an  ideal,  sanitary  equipment. 

I  wish  to  specially  emphasize  the  proper  manning  of  the 
out-patient  department  because  in  this  is  involved  one  of  the 
primary  essentials  for  providing  adequate -training  for  special 
practice.  That  the  supervision  of  this  work  should  be  under 
competent,  experienced  men  goes  without  saying.  There  is, 
however,  a  great  deal  of  routine  involved  in  the  proper  care 
of  out-patient  work  that  becomes  in  time  more  and  more  irk- 
some as  it  is  unprofitable  for  the  regular  staff  to  care  for.  In 
order  that  this  routine  work  may  be  properly  done  it  is  neces- 
sary to  add  a  staff  of  clinical  assistants,  just  as  the  routine 
work  in  the  hospital  is  taken  care  of  by  a  staff  of  internes.  The 
number  of  these  clinical  assistants  which  an  out-patient  depart- 
ment can  properly  utilize  is  determined  exactly  as  is  the  number 
of  internes  in  a  hospital,  that  is  by  the  number  essential  to  pro- 
vide adequate  care  for  the  patients.  These  clinical  assistants 
constitute  the  graduate  students  who  find  this  work  in  a  properly 
equipped  and  properly  organized  out-patient  department,  the 
ideal  clinical  training  preparatory  to  taking  up  special  practice. 
This  addition  of  a  corps  of  clinical  as.sistants  renders  the  work 
of  the  regular  staff  much  more  interesting  and  profitable  since 
they  are  in  this  way  relieved  of  much  of  the  tiresome  routine 
and  have  more  time  to  devote  to  the  study  of  the  more  interest- 
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ing  unusual  cases.  The  work  of  the  clinical  assistants  needs 
supervision  and  direction.  There  is,  however,  no  particular 
advantage  in  providing  didactic  instruction  for  these  graduate 
students  learn  by  their  own  experience  how  to  work  out  their 
clinical  problems.  It  is  important  that  they  be  impressed  with 
the  necessity  of  acquiring  ability  for  making  examinations  and 
for  recognizing  the  proper  indications  for  surgical  treatment 
before  they  are  taught  the  technique  of  operations  or  permitted 
to  work  in  the  operating  rooms. 

A  minimum  of  one  year  devoted  to  this  work  is  considered 
essential  before  one  should  be  permitted  to  take  up  independent 
work.  No  difficulty  will  be  experienced  in  retaining  the  services 
of  the  assistant  for  the  full  period,  when  care  is  taken  to  re- 
serve the  training  in  operative  work  as  it  should  be  for  the  final 
quarter.  A  great  deal  of  harm  has  resulted  from  the  practice 
of  teaching  operative  technique  to  men  who  have  had  no  proper 
training  in  making  examinations  and  have  acquired  no  appre- 
ciation of  the  proper  indications  for  operative  work.  The  fact 
should  not  be  lost  sight  of  that  it  is  a  much  more  important  task 
and  a  much  more  difficult  matter  to  acquire  the  training  for 
making  examinations  and  for  recognizing  the  indications  for 
operations  than  it  is  for  acquiring  the  technique  of  operations. 
An  important  part  of  the  work  of  these  clinical  assistants  should 
be  the  training  for  making  proper  records  of  their  findings. 
History  taking  should  be  as  conspicuous  a  part  of  their  regular 
work  as  it  is  for  the  hospital  interne. 

The  rehabilitation  of  the  work  in  the  out-patient  depart- 
ment is  one  of  the  great  needs  in  most  of  our  medical  schools. 
Here  is  found  the  ideal  material  for  the  study  of  most  of  our 
clinical  problems.  To  make  this  available  it  is  necessary  first 
of  all  to  provide  proper  equipment  and  second,  a  properly 
organized  stafif  with  clinical  assistants  composed  of  graduate 
students  who  fill  the  same  role  that  internes  do  in  hospital  work. 
In  such  an  out-patient  department  it  is  possible  to  provide  the 
best  care  for  the  patients  and  with  supervision  and  direction 
to  secure  the  ideal  clinical  training  for  graduate  students. 

The  second  essential  for  a  university  department  of  otol- 
ogy is  the  control  of  adequate  hospital  facilities.    Without  this, 
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it  is  impossible  to  develop  properly  the  out-patient  work.  The 
department  must  have  its  definite  apportionment  of  hospital 
facilities,  for  without  this,  there  exists  a  constant  struggle  with 
other  stronger  departments,  usually  with  general  surgery,  for 
hospital  beds.  It  may  be  a  surprise  to  some  of  you  who  are 
connected  with  medical  schools  where  this  principle  of  apportion- 
ment is  recognized,  to  learn  that  in  other  of  our  institutions 
the  special  departments,  such  as  otology,  have  no  recognized 
hospital  facilities  and  as  a  result  what  they  do  succeed  from 
time  to  time  in  getting,  is  acquired  only  after  the  expenditure 
of  elTort  which  all  but  kills  the  work  of  the  out-patient  depart- 
ment. In  one  institution  with  which  I  am  familiar,  there  is 
in  the  out-patient  clinic  a  strongly  developed  department  of 
urology  in  charge  of  men  of  national  reputation,  but  when  a 
patient  is  requiring  hospital  care  this  patient  must  be  placed  in 
the  hospital  under  a  general  surgeon  who  undertakes  to  do  the 
operation  for  which  the  urologist  should  be  much  more  com- 
petent. 

The  third  essential  for  a  university  department  of  otology 
is  a  laboratory.  By  this  I  mean  an  institution  in  which  sus- 
tained research  can  be  fostered.  This  means  something  more 
than  a  corner  in  some  general  laboratory  or  the  setting  aside 
of  a  room  and  labelling  it  a  laboratory.  It  means  in  addition 
to  adequate  housing,  all  the  equipment  that  may  be  required 
for  carrying  out  research  work.  It  means  in  addition  a  full 
time  technician,  for  without  this  it  is  impossible  to  carry  out 
the  detail  work  which  alone  can  make  substantial  results  suc- 
cessful. In  addition  it  will  be  necessary  to  have  an  arrangement 
whereby  the  services  of  an  artist  are  available  as  may  be  needed. 

There  is  another  essential  in  the  equipment  of  every  univer- 
sity department  where  research  is  successfully  fostered.  This 
is  the  establishment  of  fellowships.  Otology  must  be  provided 
with  endowed  fellowships  to  assist  the  research  worker,  for 
without  this  assistance  the  man  inclined  to  take  up  this  work 
will  too  often  be  forced  to  devote  his  entire  energies  to  the 
problem  of  securing  a  livelihood  during  just  the  period  when 
he  should  be  best  able  to  undertake  investigative  work. 
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This  may  seeni  like  a  formidable  program.  If .  it  seems 
formidable,  it  is  because  we  are  accustomed  to  look  upon  the 
department  of  otology  merely  as  an  institution  for  teaching  to 
undergraduate  students  of  medicine  a  few  elementary  facts 
in  this  specialty  and  have  overlooked  entirely  the  requirements 
essential  to  make  of  it  a  real  department  in  a  university  school 
of  medicine.  This  is  moreover  exactly  the  sort  of  a  program 
that  has  been  followed  in  other  countries  where  research  work 
has  been  successfully  pursued  and  where  graduate  students 
have  been  receiving  adequate  training  for  special  practice. 
The  real  difficulty  in  acquiring  for  our  universities  such  depart- 
ments as  outlined  above  is  not  merely  a  question  of  finance.  It 
is  primarily  a  matter  of  education.  The  faculties  of  our  med- 
ical schools,  our  university  authorities  and  our  public  must  be 
educated  to  appreciate  the  need  for  such  institutions  before 
we  can  hope  to  be  given  the  opportunity  of  placing  otology  in 
this  country  on  par  with  its  status  in  other  countries. 


THE  PATHOLOGY  OF  ACUTE  OTITIS  MEDIA  AND 
MASTOIDITIS. 

By  J.  K.  MLLXE  DICKIE,  AL  D..  F.  R.  C.   S.  E..  Ottawa,  Canada. 

Predisposing  Causes 

It  is  now  almost  a  commonplace  to  state  that  any  un- 
healthy condition  of  the  nasopharynx  may  be  the  starting 
point  of  an  otitis  media.  The  presence  of  adenoids  which 
are  generally  in  a  state  of  chronic  catarrh,  is  perhaps  the 
most  common  predisposing  cause  of  all.  In  this  connection 
one  might  almost  state  that  extreme  youth  is  also  a  factor 
as  the  number  of  cases  of  acute  middle  ear  infection 
occurring  in  early  childhood  is  overwhelmingly  greater 
then  than  in  adolescence  or  adult  life.  The  ear  is  more  sus- 
ceptible in  early  life,  particularly  in  infancy  owing  to  the  large 
size  of  the  Eustachian  tube,  which  is  not  only  relatively  but 
actually  wider  than  at  maturity.  Also  the  mucous  membrane 
at  birth  still  retains  its  fetal  character  and  is  thick  and  myxo- 
matous, filling  up  the  larger  depressions  on  the  inner  wall  of 
the  middle  ear  and  partially  filling  the  antrum,  and  this  myxo- 
matous tissue  has  not  the  same  power  of  resistance  to  infection 
that  normal  tissue  has. 

The  influence  of  nasal  catarrh  and  nasal  accessory 
sinus  suppuration  are  too  well  known  to  require  comment. 

The  weakening  effect  of  some  chronic  disease  such  as 
diabetes,  chronic  nephritis,  etc.,  renders  the  subject  more 
liable  to  develop  otitis  media.  Many  of  the  acute  diseases 
such  as  measles,  mumps,  and  influenza,  some  of  which  are 
in  themselves  not  dangerous,  appear  to  make  it  particularly 
easy  for  some  secondary  infection,  more  especially  strep- 
tococcal, to  gain  a  footing  and  run  a  course  of  much 
greater  severity  than  usual.  This  Avas  brought  out  in  a 
striking  way  in  the  armies  during  the  late  war,  where  epi- 
demics of  measles  or  influenza  were  followed  by  epidemics 
of  streptococcal  pneumonia  or  acute  otitis  media.     (Lath- 
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rope  1).  In  some  of  the  U.  S.  camps  acute  mastoiditis  came 
on  in  epidemic  form  and  the  mastoid  was  involved  almost 
simultaneously  with  the  middle  ear. 


Anatomical  Considerations 

The  character  of  the  mucous  membrane  of  the  middle 
ear  and  the  structure  of  the  mastoid  have  a  very  important 
influence  on  the  tendency  to  develop  acute  otitis  media  in 
the  first  instance,  and  also  on  its  course.  It  is  obvious  that 
an  acute  infection  in  an  acellular  mastoid  will  run  a  differ- 
ent clinical  course  from  one  with  fully  developed  pneumatic 
cells. 

With  regard  to  the  frequency  of  cellular  and  acellular 
mastoids  Cheatle  (2)  in  a  series  of  525  dissections  found 
the  acellular  type  in  15  per  cent.  Gross  asymmetry  of  the 
two  mastoids  was  present  in  7  per  cent.  Logan  Turner  and 
Porter  (3)  working  by  skiagraphic  methods  in  a  series  of  600 
European  temporal  bones  found  79  per  cent,  cellular  and 
20  per  cent,  acellular.  In  a  series  of  1000  crania,  300  of 
which  were  European,  there  was  a  cellular  mastoid  on  one 
side  and  an  acellular  one  on  the  other  side  in  7  and  8  per 
cent.    Sex  has  no  influence  on  symmetry  or  asymmetry. 

Until  comparatively  recently  it  was  almost  universally 
believed  that  the  sclerosis  of  the  mastoid  found  in  chronic 
otitis  media  was  mainly  the  result  of  the  long  continued 
suppuration  accompanied  by  proliferative  osteitis  which 
gradually  obliterated  the  cells.  However,  Cheatle  as  long 
ago  as  1906  showed  that  in  infancy  the  mastoid  is  normally 
diploetic  and  that  the  sclerotic  or  acellular  type  of  the  adult 
was  merely  a  persistence  of  this  infantile  type,  and  except 
for  an  increase  in  size  is  otherwise  identical.  In  infancy 
the  mastoid  is  entirely  diploetic  with  the  exception  of  a  few 
small  cells  in  the  outer  wall  of  the  antrum  and  these  are 
separated  from  the  diploetic  bone  by  a  hard  dense  plate. 
In  the  adult  this  hard  plate  may  be  as  much  as  ^  of  an 
inch  in  thickness.  If  this  type  is  infected  it  does  not  show 
external  signs  of  mastoiditis  and  there  is  a  great  tendency 
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for  it  to  become  chronic.  He  pointed  out  that  the  sclerosis 
is  one  of  the  causes,  not  the  effect  of  the  chronicity  of  the 
suppuration.  When  any  sclerosis  occurs  due  to  the  chronic 
suppuration  it  is  only  in  the  immediate  neighborhood  of 
the  antrum. 

Wittmaack  (4)  after  a  very  extensive  study  of  the  nor- 
mal and  pathological  pneumatisation  of  the  temporal  bone 
came  to  very  similar  conclusions.  By  means  of  microscopic 
sections  of  fresh  specimens  ranging  from  fetal  to  advanced 
life  he  studied  not  only  the  bone  structure  but  also  the 
character  of  the  mucous  membrane.  In  late  fetal  life  the 
tympanic  cavity  is  small  and  partially  filled  by  large  masses 
of  myxomatous  embryonic  mucous  membrane  i(SchJeim- 
hautpolster).  The  lumen  of  the  cavity  is  very  small  and 
narrow  and  confined  to  the  immediate  neighborhod  of  the 
drumhead.  The  thickened  embryonic  tissue  is  absent  from 
the  drumhead  but  clothes  the  promontory  and  fills  up  most 
of  the  niches  and  the  whole  of  the  attic  and  antrum.  This 
thick  mucosa  gradually  recedes  into  the  niches  and  round 
the  ossicles,  and  in  this  way  opens  up  the  rest  of  the  cavity. 
By  birth  the  attic  and  antrum  are  open  though  the  mucous 
membrane  is  still  very  thick,  and  at  that  time  there  is  no 
mastoid  process  nor  mastoid  cells.  After  one  or  two 
months  the  whole  of  the  tympanic  cavity  and  attic  are 
open  and  lined  by  thin  mucous  membrane,  but  in  the  an- 
trum there  is  still  a  fairly  thick  layer  of  this  loose  embry- 
onic subepithelial  tissue.  The  mastoid  process  is  entirely 
diploetic  and  filled  with  marrow  spaces.  The  subepithelial 
embryonic  tissue  begins  to  encroach  on  the  surrounding 
bone  and  marrow.  Osteoclasts  appear  in  considerable 
numbers  and  cause  an  active  absorption  of  the  bone  mainly 
along  the  vascular  canals.  The  embryonic  tissue  follows 
them  up  and  the  marrow  becomes  replaced  by  it.  The 
epithelium  which  consists  of  a  single  layer  of  flattened  cells 
follows  and  the  cavity  enlarges.  At  the  end  of  the  first 
year  the  mucous  membrane  of  the  whole  tympanic  cavity 
and  antrum  is  thin  except  towards  the  periphery  where 
further  development  is  going  on.    The  antrum  at  this  stage 
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is  a  round  smooth  cavity.  The  second  developmental  pe- 
riod corresponding  with  the  beginning  of  cell  formation 
begins  about  the  end  of  the  first  year.  The  encroachment 
of  the  subepithelial  layer  on  the  marrow  spaces  continues 
but  leaves  septa  of  bone  unabsorbed  which  project  into  the 
enlarging  cavity.  These  projecting  pieces  of  bone  often 
elongate  and  join  with  each  other  so  that  the  antrum  cavity 
is  encroached  upon  to  a  certain  extent  and  is  a  little  smaller 
than  it  was  before  cell  formation  began.  Besides  this  ex- 
tension of  the  cells  from  the  antrum  backwards  and  down- 
wards there  is  a  similar  process  going  on  from  the  poste- 
rior wall  of  the  tympanic  cavity  deep  to  the  facial  nerve, 
and  under  the  stapedius  muscle.  The  largest  of  these  is 
known  as  the  sinus  tympani  and  corresponds  morphologi- 
cally with  the  tympanic  bulla  of  other  mammals.  This 
group  of  cells  associated  with  the  sinus  tympani  extend 
down  to  the  tip  of  the  mastoid. 

The  transformation  of  the  mastoid  from  marrow  bone 
to  pneumatic  bone  proceeds  normally  from  above  down- 
wards towards  the  tip,  and  the  whole  process  is  complete 
by  the  third  or  fifth  year.  If  it  is  not  complete  by  the 
sixth  year  it  is  pathological.  The  network  of  bone  is  finest 
near  the  antrum  and  the  meshes  become  larger  at  the  tip. 
In  the  third  period  of  development  the  bone  is  enlarging 
in  size  and  the  growth  of  the  cells  continues.  This  growth 
occurs  largely  at  the  points  where  the  trabeculae  meet. 
Absorption  occurs  in  the  perivascular  spaces  and  the  sub- 
epithelial layer  grows  into  it,  and  is  followed  by  the  epith- 
elium. The  bony  septa  between  adjacent  cells  are  absorbed 
and  a  single  large  cell  results.  Growth  occurs  in  the  same 
way  at  the  periphery  also.  Modifications  of  the  bony  net- 
work are  going  on  all  throug'h  life  and  in  old  age  the  mas- 
toid is  usually  completely  cellular. 

Wittmaack  is  strongly  of  the  opinion  that  all  variations 
in  structure  are  a  sign  of  a  pathological  process  either 
past  or  present  and  are  not  merely  fortuitous.  The  bony 
changes  depend  upon  changes  in  the  mucous  membrane, 
which  are  for  the  most  part  inflammatory,  and  inflamma- 
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tion  occuring  at  a  period  before  complete  development  of 
the  cells  results  in  an  arrest  of  that  process. 

Latent  inflammation  of  the  middle  ear  is  extraordina- 
rily common  in  the  newborn  and  young  infants.  There  are 
as  a  rule  no  clinical  symptoms  and  the  condition  is  there- 
fore not  recognized.  The  inflammation  is  mild  and  does  not 
lead  to  perforation.  Solowzow  (5)  found  otitis  media 
in  90  per  cent,  of  post  mortems  in  infants.  In  many  cases 
the  inflammation  is  begun  by  aspiration  of  liquor  amnii  or 
meconium  and  is  a  foreign  body  irritation.  Sections  show 
material  which  can  be  recognized  as  such.  The  contents  of 
the  middle  ear  are  generally  sterile  at  first  but  in  a  few 
that  were  infected  Preysing  (6)  uniformly  found  the  pneu- 
moccoccus.  In  otitis  in  infants  there  is  usually  a  wide 
extension  of  ciliated  epithelium  throughout  the  middle 
ear  which  he  regarded  as  normal  but  Wittmaack  considers 
pathological,  and  merely  the  normal  reaction  of  the  mucous 
membrane  to  an  irritation.  Along  with  the  extension  of 
ciliated  epithelium  there  is  at  the  same  time  a  delay  in  the 
normal  shrinkirg  of  the  subepithelial  myxomatous  tissue, 
and  in  fact  it  may  even  proliferate  causing  hills  and  dales 
in  the  outline  of  the  mucous  membrane.  In  this  otitis  in 
infants  the  mucous  membrane  is  always  thicker  than  the 
normal  for  the  same  age.  The  superficial  layers  show 
small  celled  infiltration  and  even  formation  of  lymph  folli- 
cles. The  deeper  layers  next  the  bone  show  no  change.  The 
result  of  this  inflammatory  change  is  a  complete  or  partial 
arrest  of  the  normal  cell  development.  The  presence  of 
this  myxomatous  tissue  in  later  life  according  to  Witt- 
maack is  positive  evidence  of  old  latent  infantile  otitis,  as 
this  tissue  normally  disappears  and  cannot  develop  again 
in  later  life.  When  development  is  arrested  early  so  that 
the  mastoid  is  entirely  diploetic  a  gradual  deposition  of 
bone  occurs  as  time  goes  on  which  encroaches  on  the  mar- 
row spaces  and  in  this  way  the  sclerotic  mastoid  is  formed. 
This  slow  change  has  no  connection  with  any  inflammatory 
process.  It  is  most  marked  in  the  immediate  neighborhood 
of  the  iantrum.    When  the  disturbance  of  cell  development 
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takes  place  in  the  second  developmental  period  the  result  is 
a  larger  antrum  than  usual  as  the  bony  network  has  not 
grown  in  upon  it.  This  is  always  associated  with  a  hyper- 
plastic mucosa.  Cases  in  which  there  is  a  comparatively 
slight  disturbance  of  pneumatisation  are  more  likely  to 
develop  acute  mastoiditis  than  those  of  the  diploetic  or 
sclerotic  types  as  the  mucous  membrane  in  the  latter  is 
thick  and  affords  protection  to  the  bone.  In  the  former 
however,  the  mucous  membrane  is  thin,  any  small  cell  in- 
filtration spreads  to  the  surface  of  the  bone  and  absorption 
takes  place.  When  this  occurs  simultaneously  on  both 
sides  of  a  thin  plate  of  bone  the  absorption  is  particularly 
rapid  and  mastoiditis  is  the  result. 

The  gist  of  Wittmaack's  work  bears  out  in  a  general 
way  Cheatle's  conclusion  that  diploetic  and  sclerotic  mas- 
toids are  a  persistance  of  the  infantile  type,  but  he  goes 
further  and  points  out  that  this  arrest  of  development  is 
essentially  due  to  changes  in  the  mucous  membrane  of  the 
ear  and  that  these  changes  are  generally  due  to  an  old 
latent  otitis  in  infancy.  In  cases  where  the  mastoid  is 
partly  pneumatic  and  partly  diploetic  it  is  due  to  an  arrest 
of  development  from  inflammation  occuring  at  a  somewhat 
later  stage.  Evidences  of  latent  infantile  otitis  are  seen  in 
bones  taken  from  all  ages.  Wittmaack  states,  unless  I 
am  mistaken  in  his  meaning,  that  it  is  improbable  that  scle- 
rosis is  due  to  long  continued  inflammation  but  is  due  to 
these  disturbances  of  development  which  I  have  described. 

The  Histology  of  Acute  Otitis  Media. 

Although  for  convenience  it  is  customary  to  describe 
several  varieties  of  acute  otitis  media  they  are  all  essen- 
tially similar  and  are  merely  milder  or  more  severe  forms 
of  the  same  process.  There  is  no  definite  line  of  demarca- 
tion to  be  drawn  between  some  of  them,  and  one  form  may 
be  merely  the  commencing  stage  of  one  of  the  others. 
Acute  non-purulent  otitis  media  may  be  subdivided  into  serous 
otitis  and  mucoid  otitis.    The  purulent  forms  include  the  ordi- 
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nary  middle  ear  suppuration  and  also  hemorrhagic  and  necrotic 
forms.  Some  of  these  inflammatory  processes  involve  all  parts 
of  the  middle  ear  cleft  while  others  leave  the  tympanic  cavity 
proper  very  little  affected  and  are  confined  to  the  attic,  antrum, 
and  cells. 


Acute  Non-Purulent  Otitis. 

This  condition  is  occasionally  primary  and  may  be  caused 
by  a  cold  wind  blowing  into  the  ear,  but  in  the  majority  of 
cases  it  is  an  extension  of  a  catarrhal  process  in  the  nasophar- 
ynx. As  in  the  case  of  acute  nasal  catarrh  the  first  stage  is  one 
of  congestion  quickly  followed  by  the  outpouring  of  an  exu- 
date which  may  be  serous  or  mucoid.  In  the  serous  form,  when 
the  tube  is  not  firmly  closed  by  a  swelling  of  the  mucous  mem- 
brane the  exudate  tends  to  leak  out  into  the  pharynx  and  the  re- 
mainder is  absorbed  after  a  few  days.  In  the  mucoid  form  the 
exudate  is  thick  and  stringy  and  it  is  probable  that  most  of  it 
is  derived  from  the  Eustachian  tube,  where  there  are  numer- 
ous mucous  glands,  rather  than  from  the  tympanic  cavity  or 
antrum,  where  there  are  none.  It  is  possible  also  that  there 
may  be  an  undue  extension  of  cohminar  ciliated  epithelium  in 
the  middle  ear  with  a  corresponding  increase  in  mucous  secre- 
tion when  inflamed.  However,  this  is  merely  conjectural,  as 
very  few  cases  if  any  of  this  condition  have  been  examined 
microscopically,  for  obvious  reasons.  Capsulated  organisms 
also  tend  to  produce  a  thick  mucous  exudate,  and  in  these  cases 
it  is  probable  that  the  mucus  is  secreted  very  largely  by  the  or- 
ganisms themselves.  An  example  of  this  is  the  otitis  caused 
by  the  streptococcus  mucosus  capsulatus,  of  which  more  later. 
Manasse  (7)  had  the  opportunity  of  examining  a  case  of  ser- 
ous otitis  and  in  it  there  was  some  hyperemia  and  slight  edema 
of  the  mucous  membrane.  The  exudate  was  clear  and  clotted 
by  the  fixatives  and  characterized  by  the  scarcity  of  cells.  Those 
which  were  present  were  large  and  sometimes  had  tails  and 
the  protoplasm  was  reticular  with  a  single  nucleus.  Some  of 
them  contained  carbon  pigment  and  were  apparently  derived 
from  the  upper  air  passages. 
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Each  of  these  forms  may  subside  or  may  go  on  to  purulent 
rotitis.  When  serous  otitis  subsides  there  is  a  rapid  and  com- 
plete return  to  normal,  but  in  the  mucoid  form  resolution  is  apt 
to  be  protracted  and  incomplete.  The  exudate  is  too  thick  to 
flow  down  the  tube  and  a  process  of  organization  takes  place 
resulting  in  thickening  of  the  mtvcous  membrane  and  the  forma- 
tion of  adhesions.  These  changes  are  more  apt  to  occur  in  the 
smaller  cells  or  in  deep  niches  where  the  secretions  are  more 
stagnant.  The  niches  of  the  two  windows  appear  to  have  a  spe- 
cial tendency  to  be  affected  in  this  way  and  chronic  adhesive 
catarrh  is  the  result. 

Otitis  Media  Purulenta  Acuta. 

When  the  infection  is  severe  the  serous  or  mucous  stage 
is  of  very  short  duration.  The  mucosa  becomes  very  hyperemic 
and  edematous  and  swells  to  10  to  20  tim^  the  normal  thick- 
ness. Leucocytes  migrate  through  the  epithelium  into  the  exu- 
date, which  begins  to  take  on  a  definitely  purulent  character. 
It  also  contains  numerous  desquamated  epithelial  cells  and 
some  fibrin  threads.  A  fact  that  has  been  very  frequently 
noted  in  these  cases  is  that  the  whole  mucous  membrane  of  the 
tympanic  cavity  is  composed  of  columnar  epithelium  with  cilia 
and  goblet  cells  here  and  there.  According  to  Manasse  this  is 
an  active  transformation  from  cubical  to  cylindrical  epithelium 
brought  about  by  the  inflammation.  I  am  not  quite  convinced 
that  this  ciliated  epithelium  is  always  a  new  formation  caused 
by  the  inflammation,  but  it  appears  to  me  to  be  probable  that 
in  some  of  these  cases  the  mucous  membrane  was  ciliated  be- 
fore the  inflammation  occured  and  there  was  already  on  that  ac- 
count a  predisposition  to  inflammation  spreading  from  the  cili- 
ated epithelium  of  the  tube.  Normally  ciliated  epithelium  is 
only  found  in  the  tube  and  its  immediate  neighborhood  and  in 
the  rest  of  the  tympanic  cavity  the  epithelium  is  cubical  or  flat- 
tened, while  in  the  mastoid  cells  it  is  a  single  layer  of  flattened 
cells  lying  on  the  periosteum.  A  change  in  the  character  of  an 
epithelial  surface  from  an  unspecialized  simple  cubical  or  squa- 
mous form  to  a  fully  developed  columnar  ciliated  form  under 
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the  stimulus  of  an  acute  infection  does  not  occur  in  any  other 
mucous  membrane  as  far  as  I  know,  and  it  is  not  very  likely 
that  a  unique  process  occurs  in  the  case  of  the  middle  ear.  The 
reverse  transformation  from  ciliated  to  stratified  is  common 
enough  in  chronic  inflammation,  for  example  in  nasal  polypi  or 
rhinitis. 

A  much  more  reasonable  supposition  to  my  mind  would  be 
that  in  those  cases  of  acute  otitis  in  whom  the  mucous  mem- 
brane of  the  ear  was  found  to  be  ciliated  the  cilia  ed  epithelium 
had  been  there  originally  and  had  rendered  the  ear  more  sus- 
ceptible to  the  catarrhal  process.  If  we  use  this  as  a  working 
hypothesis  several  of  the  clinical  phenomena  may  be  explained. 
For  example,  ciliated  mucous  membranes  are  very  resistant  to 
bacterial  invasion  when  in  their  normal  healthy  state,  but  are 
particularly  liable  to  catarrh  from  reflex  irritation,  a  thing 
which  does  not  happen  in  the  stratified  epithelium  of  the  upper 
air  passage, — if  we  except  the  stratified  epithelium  covering  the 
lymphoid  tissue  of  the  tonsil,  etc.  The  influence  of  a  draught 
or  cold  feet  in  producing  an  immediate  response  on  the  nasal 
membrane  in  the  form  of  sneezing,  running  nose,  congestion, 
etc.,  are  too  well  known  to  be  disputed.  In  these  instances  the 
bacterial  invasion  must  be  secondary.  One  of  the  character- 
istics of  catarrh  of  a  ciliated  mucous  membrane  is  that  after 
starting  in  one  part  it  tends  to  spread  over  its  entire  extent 
and  is  only  arrested  at  the  point  where  the  epithelium  changes. 

In  acute  nasal  catarrh  it  is  usual  for  the  inflammation  to 
spread  into  the  tube  to  a  certain  extent  and  cause  some  blocking, 
but  in  the  majority  of  cases  the  middle  ear  is  unaffected  except 
for  a  little  congestion,  which  may  be  seen  clinically  as  redness 
of  the  malleus  and  Shrapnell's  membrane.  I  would  suggest 
that  the  reason  why  an  acute  catarrh  is  arrested  at  the  entrance 
of  the  tympanic  cavity  is  on  account  of  the  change  in  character 
of  the  epithelium  from  ciliated  to  cubical  and  that  when  acute 
otitis  media  results  it  is  in  part  owing  to  the  tympanic  cavity 
.being  lined  by  ciliated  instead  of  cubical  epithelium. 

Along  with  the  outpouring  of  exudate  and  the  hyperemia 
of  the  mucous  membrane  there  is  intense  small-celled  infiltra- 
tion most  marked  immediately  under  the  epithelial  layer,  but  as 
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the  inflammation  increases  small  hemorrhages  may  be  seen  and 
occur  not  only  in  the  tympanic  cavity  but  also  in  the  mastoid 
cells.  Osteoclasts  make  their  appearance  next  the  bone,  which 
soon  begins  to  show  irregular  edges.  The  perivascular  spaces 
show  these  changes  to  a  marked  degree  and  the  infection  may 
travel  quite  a  considerable  distance  in  the  bone  along  them. 
The  subperiosteal  abscesses  which  we  find  without  any  macro- 
scopic erosion  of  the  bone  are  generally  caused  by  the  spread 
through  the  vascular  channels  which  open  through  MacEwen's 
triangle.  When  pus  has  travelled  through  a  plate  of  bone  in 
this  way  absorption  takes  place  from  both  sides  at  once.  In 
many  instances  the  exudate  in  the  mastoid  cells  tends  to  become 
bottled  up  owing  to  the  narrowness  of  the  outlet.  This  intensi- 
fies the  inflammatory  process  in  the  cells  in  question  and  absorp- 
tion of  the  surrounding  bony  wall  commences,  which  frequently 
happens  on  both  sides  of  one  of  the  partitions  and  the  breaking 
down  process  proceeds  with  much  greater  rapidity.  In  cellular 
mastoids  absorption  of  the  intercellular  bone  occurs  rapidly  and 
as  the  cortex  is  thin  it  is  readily  recognized  clinically  by  tender- 
ness, if  not  by  actual  perforation  and  the  formation  of  a  sub- 
periosteal a'bscess.  In  the  sclerotic  forms  owing  to  the  dense 
outer  plate  of  bone  this  type  does  not  show  tenderness  as  a  rule, 
but  at  the  same  time  serious  intracranial  complications  are  liable 
to  occur  owing  to  the  thinness  and  proximity  of  the  inner  table 
of  the  skull.  Numerous  vascular  channels  run  from  the  an- 
trum inwards  to  one  or  the  other  of  the  large  venous  sinuses, 
of  which  the  subarcuate  vessels  are  the  best  known  and  largest. 

When  the  inflammation  is  at  its  height  the  swelling  and 
infiltration  of  the  mucous  membrane  occur  also  in  the  inner 
layer  of  the  drum  membrane.  Perforation  is  not  as  a  rule  a 
mere  mechanical  rupture  but  there  is  a  spread  of  the  small 
cells  through  the  middle  fibrous  layer  at  some  point  and  a  dis- 
integration occurs  from  within  outwards.  The  increase  in  the 
tension  of  the  contents  of  the  ear  stretches  this  weak  point  till 
it  gives  way. 

When  the  inflammation  is  not  so  intense  as  to  cause  a  rapid 
breaking  down  of  the  bony  framework  a  somewhat  diflPerent 
process  takes  place.    The  tympanic  cavity,  antrum,  and  mastoid 
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cells  are  filled  with  pus,  which  in  the  case  of  the  mastoid  cells 
is  inclined  to  be  stagnant  though  not  so  much  in  the  case. of 
the  tympanum,  except  in  the  region  of  the  round  window  and 
some  of  the  other  deep  recesses.  Not  long  after  the  disease 
has  reached  its  height  attempts  at  absorption  and  organization 
of  the  exudate  begin.  The  length  of  time  it  takes  before  this 
is  seen  is  very  variable,  but  it  is  well  under  way  within  a  week 
or  two  of  the  onset.  According  to  Doderlein  (8)  small  spindle- 
shaped  fibroblasts  begin  to  migrate  here  and  there  through  the 
epithelium  into  the  mass  of  exudate.  These  small  outgrowths 
soon  become  hollowed  out  and  converted  into  small  capillaries. 
The  fibroblasts  multiply  and  extend  further  and  further  into 
the  exudate  and  fibres  are  seen  radiating  from  the  attachment 
of  the  stalk.  By  this  time  also  squamous  epithelial  cells  have 
spread  up  over  the  stalk  and  on  to  the  surface  of  the  exudate 
mass.  In  the  mastoid  cells  this  goes  on  simultaneously  at  many 
points  around  the  edge,  so  that  we  find  a  mass  of  new  tissue 
completely  clothed  by  epithelium  and  attached  to  the  mucous 
membrane  of  the  cell  by  numerous  fibrous  or  vascular  stalks. 
The  centre  of  this  mass  is  of  broken  down  pus  cells  but  the 
edges  are  of  fully  formed  granulation  tissue.  Many  of  these 
masses  have  numerous  narrow  clefts  with  giant  cells  along 
their  magins  and  these  clefts  are  the  spaces  left  by  cholesterin 
crystals  which  have  been  dissolved  out  in  the  preparation  of  the 
specimens.  The  giant  cells  are  thought  by  some  to  be  engaged 
in  absorbing  the  crystals,  though  Stuart  (9)  in  a  study  of  the 
formation  of  cholesterin  in  the  tissues  came  to  the  conclusion 
that  it  is  the  giant  cells  that  deposit  it. 

The  cell  lumen  is  now  almost  completely  obliterated  except 
for  a  small  row  of  interrupted  spaces  lined  by  epithelium  and 
arranged  in  a  circular  manner  in  the  surrounding  of  inflamma- 
tory tissue.  According  to  Doderlein  these  pseudocystic  spaces 
which  have  the  appearance  of  a  string  of  pearls  become 
smaller  and  smaller,  the  intervening  stalks  become  thicker  and 
thicker  till  some  of  them  are  obliterated  altogether,  leaving 
merely  islets  of  epithelial  cells  which  finally  disappear.  In  other 
cells  a  different  process  takes  place.  The  mass  of  organised 
exudate  shrinks  from  one  side  of  the  cavity.     The  leucocytes 
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become  less  numerous,  further  shrinkage  occurs,  and  the  result 
is  a  band  or  layer  of  new  fibrous  tissue  covered  by  epithelium 
stretching  across  part  of  the  cavity.  These  two  different  pro- 
cesses may  go  on  simultaneously  in  the  same  mastoid. 

In  the  tympanum  this  process  is.  somewhat  modified  by  the 
shape  and  size  of  the  cavity.  In  the  niches  and  recesses  these 
changes  take  place  much  as  in  the  case  of  the  mastoid  cells. 
A  layer  of  pus  collects  on  the  surface  in  the  hollows,  and  buds 
grow  out  and  organize  it  in  the  same  way  into  a  flat  mass  of 
granulation  tissue  covered  by  epithelium  on  both  sides,  and 
connected  to  the  mucous  membrane  by  numerous  stalks.  The 
pseudocystic  spaces  between  often  contain  more  free  pus  anrl 
again  a  fresh  layer  of  pus  may  become  organized  on  the  free 
surface  so  that  the  bony  hollows  become  filled  up  by  masses 
of  newly  formed  tissue,  in  the  middle  of  which  may  be  several 
layers  of  cystic  spaces.  If  perforation  of  the  membrane  has 
not  occurred  and  the  secretion  has  lain  stagnant  in  the  cavity 
this  process  tends  to  go  on  in  the  attic  and  all  the  other  narrower 
parts  of  the  cavity  forming  adhesions.  These  adhesions 
stretch  most  commonly  between  the  stapes  and  the  promon- 
tory and  also  between  the  malleus  and  the  inner  wall.  Like  all 
new  fibrous  tissue  these  tend  to  contract  and  become  firmer  and 
tougher  as  time  goes  on.  When  perforation  has  occurred  with 
fairly  free  outflow  of  pus  the  organizing  process  is  much  inter- 
fered with  as  the  pus  is  not  stationary  for  long  enough  at  a 
time,  and  after  an  acute  middle  ear  suppuration  in  which  there 
is  free  drainage  it  is  unlikely  that  any  appreciable  thickening 
or  new  formation  of  "bands  occurs.  Qinically  a  complete 
restoration  of  hearing  may  be  confidently  expected  if  drainage 
has  been  early  and  thorough. 

When  the  mastoid  cells  become  filled  up  with  organized 
exudate  the  condition  may  either  get  worse  or  improve.  If  the 
inflammation  remains  active  absorption  of  the  bone  occurs  as 
already  described  resulting  in  a  typical  mastoiditis.  If,  on  the 
other  hand  the  inflammation  subsides,  several  things  may  occur. 
In  some  instances  this  granulation  tissue  occupying  the  bony 
cells  undergoes  partial  ossification.  Irregular  masses  of  new 
bone  can  be  seen  ramifying  throughout  the  circular  space  in 
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the  old  bone,  which  was  originally  a  cell.  This  new  bone  is 
covered  by  very  many  osteoblasts.  The  spaces  containing  the 
bone  corpuscles  are  larger  than  in  the  older  bone  and  the  bone 
stains  less  deeply.  This  was  seen  in  sections  from  a  patient 
Miss  A.  L.,  with  a  five  weeks  acute  middle  ear  suppuration. 
During  most  of  that  time  there  had  been  tenderness  behind  the 
ear.  When  first  seen  by  another  otologist  a  paracentesis  was 
performed  and  the  temperature  which  had  been  over  100°  grad- 
ually subsided.  Owing  to  her  Doctor's  illness  I  was  asked  to 
take  charge  of  the  patient.  For  a  few  days  there  was  no  change, 
then  the  tenderness  increased  and  the  temperature  rose  to  99°. 
The  ear  drum  showed  a  small  polypus  partially  blocking  the  per- 
foration. At  operation  next  day  the  mastoid  was  cellular 
throughout  and  the  cells  contained  what  looked  like  edematous 
mucous  mebrane  or  pale  granulations.  A  fairly  large  abscess 
in  some  cells  at  the  back  of  the  mastoid  tip  was  found.  In 
other  cells  the  exudate  had  shrunk  away  from  the  walls  of  the 
cell  leaving  small  strands  of  vascularised  connective  tissue  at- 
taching it  to  the  walls.  In  this  one  case  many  different  trans- 
formations could  be  seen  at  once,  as  in  some  places  bone 
proliferation  was  present,  in  others  bone  absorption,  and  in 
yet  others  organization  of  the  pus  with  permanent  obliteration 
of  the  cells  and  in  others  reestablishment  of  the  cell  lumen. 

Not  infrequently  new  layers  of  bone  are  laid  down  in  the 
cell  wall  by  proliferation  of  the  osteoblasts,  causing  a  narrow- 
ing of  the  cavities.  This  is  seen  in  the  case  of  Mrs.  B.,  who  had 
had  an  acute  middle  ear  suppuration  with  mastoid  tenderness 
for  6  weeks  before  operation.  The  cells  were  filled  with  soft 
tissue,  microscopic  examination  of  which  showed  proliferative 
osteitis  with  thickening  of  the  old  bone  and  new  bone  formation 
in  the  organised  exudate.  It  is  not  quite  certain  how  far  that 
may  go,  but  it  is  not  likely  that  a  previously  cellular  mastoid  is 
ever  transformed  into  a  sclerotic  one.  Agaim  the  hyperplastic 
condition  of  the  cell  walls  with  organised  contents  may  appar- 
ently remain  stationary  for  a  considerable  period,  as  is  shown 
by  the  following  case,  which  is  that  of  a  middle  aged  lady.  Miss 
B.,  in  whom  a  simple  mastoid,  (a  very  simple  one)  had  been 
done  over  2  years  ago.     The  ear  had  cleared  up  at  the  time 
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after  several  weeks  but  had  never  felt  really  comfortable  since. 
Whenever  the  patient  got  a  cold  the  ear  went  deaf  and  she  had 
pain  in  the  mastoid.  I  saw  the  patient  in  her  last  attack  a  few 
weeks  ago  for  the  first  time.  There  was  extreme  tenderness 
over  the  mastoid  with  a  little  puffiness.  The  ear  drum  was  red 
and  bulging  and  the  hearing  was  bad.  At  the  operation  it  was 
found  that  at  the  previous  operation  merely  a  small  hole  had 
been  drilled  or  gouged  to  near  the  antrum.  The  whole  mas- 
toid was  composed  of  medium  sized  cells  with  a  few  larger  ones 
at  the  tip.  These  cells  were  full  of  gelatinous  tissue  like  pale 
granfilations  or  edematous  mucosa  with  some  pus  here  and 
there.  There  was  no  great  breaking  down  of  the  bone.  Appar- 
ently this  condition  had  persisted  more  or  less  unchanged  in 
spite  of  repeated  subacute  attacks,  and  no  obliteration  by  new 
bone  formation  was  visible  to  the  naked  eye. 

Of  all  the  cases  of  acute  mastoiditis  which  we  meet  with 
the  purely  sclerotic  type  is  probably  the  least  common,  partly 
because  when  acute  otitis  occurs  in  one  of  the  sclerotic  type 
there  is  not  the  same  tendency  for  it  to  go  on  to  mastoiditis. 
The  Eustachian  tube  is  relatively  wide,  and  the  mucous  mem- 
brane of  the  middle  ear  and  antrum  is  usually  hyperplastic, 
there  is  not  the  same  extensive  secreting  surface,  and  there- 
fore the  exudate  can  flow  down  the  tube  without  causing  any 
great  increase  in  pressure  in  the  middle  ear.  However,  if  an 
intense  inflammatory  process  should  get  started  in  the  antrum, 
small  celled  infiltration  spreads  into  the  bone  along  the  vascular 
canal  and  marrow  spaces,  and  softening  takes  place.  This  is 
necessarily  a  much  slower  process  than  in  a  cellular  bone  and 
proceeds  mostly  upwards  and  backwards  as  the  outer  wall  of 
the  antrum  is  so  thick  and  dense.  The  lateral  sinus  is  usually 
far  forward  in  these  cases  and  perisinus  or  extradural  abscess 
is  very  likely  to  occur. 

The  following  case  is  interesting  in  this  respect  :- 
W.  F.,  age  33,  came,  Feb.  11,  1922,  with  the  following 
history:  About  four  months  previously  he  had  had  an  acute 
otitis  media  in  the  left  ear,  which  was  punctured  and  soon 
healed.  A  month  later  he  noticed  a  tender  spot  on  the  top  of 
his  head  on  the  left  side,  which  remained  till  the  time  I  saw  him. 
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Ten  days  previously  a  swelling  had  appeared  in  the  left  tem- 
poral and  parietal  regions  and  had  gradually  increased  in  size. 
He  had  frontal  headache  for  the  last  three  days  but  no  vomiting 
nor  dizziness  nor  chills.  The  ear  had  begun  to  run  copiously 
two  days  ago,  the  patient  has  been  working  up  till  a  week  ago. 
Examination  showed  extreme  swelling  of  the  scalp  over  the 
whole  left  side  of  the  head.  Profuse  purulent  discharge  from 
the  left  ear,  with  small,  central  perforation  in  left  drum;  right 
drum  normal ;  temperature  and  pulse  normal. 

March  1922.  simple  mastoid  operation,  superficial  tissues 
extremely  edematous  but  no  pus  found ;  cortex  very  sclerosed ; 
antrum  contained  pus;  whole  mastoid  solid  with  no  cells;  on 
exposing  dura  of  posterior  fossa  a  large  amount  of  pus  welled 
out.  On  further  removal  of  bone  more  pus  was  foimd  and  the 
opening  enlarged  and  about  2  ounces  of  greenish  pus  welled  out : 
dura  was  seen  to  be  covered  by  sloughy  granulations  having 
the  appearance  of  broken  down  blood  clot  and  about  one  quar- 
ter of  an  inch  in  thickness.  The  abscess  cavity  extended  back- 
wards and  upwards  to  near  the  middle  line,  necessitating  ex- 
tensive removal  of  bone.  Recovery  was  rapid  and  uneventful. 
The  examination  of  the  bone  chips  showed  very  little  inflamma- 
tion of  the  bone  except  at  the  actual  edge  of  the  abscess  cavity. 

The  bone  chips  from  other  parts  of  the  mastoid  showed 
no  inflammatory  changes. 

A  very  common  type  of  mastoiditis  is  that  in  which  the 
mastoid  is  partly  cellular  and  partly  diploetic  or  sclerotic.  The 
anatomical  variations  between  the  fully  cellular  bone  and  the 
completely  sclerotic  bone  are  very  numerous  and  the  clinical 
picture  in  mastoiditis  varies  according  to  the  anatomical  type. 

Necrotic  Otitis  Media 

This  form  of  otitis  media  occurs  practically  only  in  se- 
vere cases  of  scarlet  fever,  especially  if  complicated  with  diph- 
theria, and  it  is  always  associated  with  extensive  throat  lesions. 
The  disease  is  characterized  by  very  rapid  destruction  of  the 
drum  membrane,  which  in  a  few  days  may  have  necrosed  en- 
tirely and  come  away.     Large  areas  of  bare  bone  are  found 
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especially  on  the  promontory.  Microscopically,  according  to 
Manasse  in  the  parts  where  the  mucous  membrane  is  still  pres- 
ent there  are  distinct  differences  from  the  ordinary  purulent 
otitis  media.  The  epithelium  is  flat  or  cubical  and  the  nuclei 
stain  well.  There  is  some  swelling  of  the  submucous  tissue 
though  not  nearly  as  much  as  in  ordinary  otitis.  The  infiltration 
with  small  round  cells,  though  present,  is  comparatively  slight. 
The  bare  bone  shows  the  appearances  of  necrosis,  in  that  it  does 
not  stain  well ;  the  edges  are  irregular ;  the  bone  corpuscles 
do  not  stain.  No  osteoblasts  nor  osteoclasts  are  seen  though 
there  is  lacunar  absorption.  The  absorption  differs  from  the 
usual  process  in  that  it  appears  to  be  brought  about  by  pus  cells 
floating  free  in  fluid  medium.  The  free  surface  of  the  bone  is 
covered  with  pus  cells  and  granular  necrotic  masses  containing 
numerous  microorganisms.  Thrombosis  of  the  smaller  blood 
vessels  is  very  commonly  seen  and  this  may  have  some  bearing 
on  the  wide  spread  necrosis.  Scheibe  and  Nagcr  had  also  found 
similar  changes. 

Th€  above  is  of  course  what  occurs  only  in  the  most  se- 
vere cases,  and  in  the  milder  cases,  which  are  fortunately  much 
more  common  in  scarlet  fever,  there  is  very  much  the  same  se- 
ries of  changes  as  in  ordinary  acute  middle  ear  suppuration. 

I  was  able  to  obtain  specimens  from  a  severe  scarlet-diph- 
theria in  a  nurse  but  there  was  nothing  characteristic  about 
them.  They  showed  merely  the  ordinary  inflammatory  changes. 
Bone  from  another  case  of  scarlet  fever  also  showed  the  ordi- 
nary acute  inflammatory  changes  with  intense  congestion  and  cel- 
lular infiltration. 

Hemorrhagic  Otitis 

This  condition  is  found  most  characteristically  in  influenza, 
Korner  (10)  mentions  that  in  the  influenza  epidemic  of  1889-90 
hemorrhages  in  the  ear  were  common.  The  drum  membrane 
shows  small  hemorrhagic  spots  or  bullae.  These  may  appar- 
ently sometimes  cause  acute  pain  in  themselves  since  occasion- 
ally when  they  have  been  pricked  the  pain  has  subsided,  even 
though  the  drum  itself  had  not  been  punctured.     The  exudate 
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in  the  middle  ear  is  a  thin  pinkish  pus  which  only  becomes 
yellow  after  several  days.  Bone  from  the  mastoid  cells  of.  a 
recent  case  of  influenzal  mastoiditis  showed  intense  congestion 
with  hemorrhagic  exudate.  The  naked  eye  appearance  was 
purplish  with  some  free  blood  in  the  cells.  Microscopically 
there  was  some  small  celled  infiltration  though  not  as  much  as  in 
many  ordinary  cases  of  mastoiditis.  The  mucous  membrane 
was  only  a  very  little  swollen.  The  bone  showed  no  changes, 
I  have  not  had  the  opportunity  of  examining  the  tympanic 
cavity  in  a  case  of  this  kind,  but  Manasse  states  that  the  epithe- 
lium is  cubical  and  of  normal  thickness,  and  no  cylindrical  cells 
occur.  The  submucous  thickening  is  slight  and  there  is  not 
much  round  celled  infiltration.  The  blood  vessels  are  very 
dilated  and  tortuous,  with  hemorrhages  here  and  there  under 
the  epitheliurii.  Patches  of  infiltration  with  osteoclasts  are  to 
be  seen  next  the  bone. 

A  recent  case  of  influenzal  mastoiditis  showed  this  form. 
The  disease  was  of  4  days  duration  when  seen  and  the  mastoid 
was  extremely  tender.    The  drumhead  showed  blood  blisters. 

At  operation  the  mastoid  was  found  to  be  extremely  cellu- 
lar. The  cells  were  extremely  congested  and  purplish  and 
cellular  some  of  them  contained  some  bloodclot.  There  was  no 
breaking  down  of  the  cell  walls.  Sections  of  the  chips  showed 
some  swelling  of  the  mucosa  and  intense  small  celled  infiltra- 
tions and  a  few  hemorrhages. 

Bacteriology. 

By  far  the  commonest  causal  organism  in  acute  middle  ear 
suppuration  is  the  streptococcus  in  one  or  the  other  of  the  varie- 
ties. Next  in  frequency  are  the  pneumococcus  and  the  staphy- 
lococcus in  that  order.  Hewat,  in  117  cases  of  positive  cul- 
tures from  the  pus  in  acute  mastoiditis  found  streptococcus  in 
pure  culture  in  49,  pneumococcus  in  19,  staphylococcus,  strep- 
tococcus mucosus  in  2  and  mixed  cultures  in  36.  Dixon  (12) 
in  5496  observations  of  ear  secretions  found  streptococcus  in 
24.8  per  cent..  Other  less  frequent  organisms  are  the  pneumo- 
bacillus,   B.   pyocyaneus,    B.   diphtheriae,    B.   tuberculosis,    B. 
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coH,  etc.  Lang  (13)  (Z.  f.  O.  67)  in  61  acute  mastoids  found 
streptococcus  pyogenes  in  38,  staphylococcus  in  5,  streptococ- 
cus mucous  in  2,  pneumobacillus  in  1,  B.  coli  in  2,  and  the 
rest  were  mixed  cultures. 

While  streptococci  are  capable  of  causing  severe  otitis 
and  mastoiditis  in  healthy  individuals,  their  virulence  is  greatly 
increased  when  there  has  been  some  antecedent  infectious  dis- 
ease, such  as  influenza,  measles,  mumps,  etc.  This  was  seen 
especially  in  the  various  armies  when  in  certain  areas  there 
were  epidemics  of  otitis  and  mastoiditis  following  shortly  after 
measles  or  influenza.  These  have  been  fully  described  by 
Lathrope,  (14)  Scott,  (15)  Hill,  and  many  other  otologists. 
In  the  majority  of  areas  streptococcus  haemolyticus  was  recov- 
ered from  the  mastoids  in  pure  culture,  though  in  other  areas 
streptococcus  viridans  predominated.  These  cases  of  mastoid- 
itis were  extremely  rapid  or  fulminating  in  their  development 
and  in  some  the  involvement  of  the  mastoid  appeared  to  be 
almost  simultaneous  with  the  involvement  of  the  middle  ear. 

The  streptococcus  mucosus  capsulatus  of  Schottmuller 
produces  a  type  of  otitis  and  mastoiditis  which  differs  very  con- 
siderably from  the  ordinary  suppurative  form,  as  was  pointed 
out  some  years  ago  by  Neumann  (16)  and  Ruttin  (17).  Since 
then  many  other  observations  on  the  subject  have  been  rec- 
orded. Stutz  (18)  had  82  or  13.1  per  cent,  in  a  series  of  623 
cases  of  acute*~otitis  media  of  which  none  were  in  patients  under 
14  years  of  age.  Eighty  per  cent  of  them  went  on  to  operation. 
The  great  majority  are  epitympanal,  and  where  the  mucosa  is 
hyperplastic  there  is  a  great  tendency  to  develop  a  serious  com- 
plication. In  some  cases  where  the  tympanic  cavity  is  normal 
but  where  there  is  a  thick  submucous  cushion  in  the  mastoid 
cells  there  appears  to  be  a  genuine  predisposition  to  primary 
localization  in  the  mastoid.  Winckler  (19)  had  4  cases  in  119 
of  acute  mastoiditis.  The  histological  changes  in  the  bone  chips 
were  similar  to  those  in  the  ordinary  form  caused  by  non- 
capsulated organisms. 

Clinically  the  onset  of  mucosus  otitis  is  characterized  by 
painlessness  and  absence  of  fever.  There  is  some  impairment 
of  hearing,  a  sensation  of  fullness,  and  tinnitus.     The  drum- 


ACUTE    OTITIS    MEDIA   AND    MASTOIDITIS.  34 J 

head  shows  only  trifling  changes,  such  as  slight  opacity  with 
reddening  of  the  malleus.  Frequently  no  perforation  occurs 
and  the  condition  apparently  subsides,  though  the  hearing  is 
not  normal  and  there  is  a  sensation  of  fullness.  After  a  vari- 
able period  of  anything  up  to  3  months  mastoiditis  or  intra- 
cranial symptoms  develop.  During  the  quiescent  stage  it  is 
unusual  to  get  mastoid  tendernesss  even  when  there  is  exten- 
sive caries  of  the  underlying  bone.  The  discharge  is  noticeably 
sticky  and  mucoid.  Repeated  X  ray  pictures  are  of  very  great 
vaUie  in  suspected  cases  of  mucous  otitis  as  the  clinical  signs  are 
so  indefinite,  and  this  may  be  the  only  means  of  detecting  break- 
ing down  of  the  bony  septa. 

Storath  (20)  has  shown  by  an  analysis  of  a  large  number 
of  cases  from  the  literature  and  elsewhere  that  otitis  due  to 
pneumococci  and  Friedlander's  bacillus  resembles  very  closely 
that  due  to  streptococcus  mucosus.  In  both  types  the  average 
period  between  the  initial  otitis  and  the  onset  of  complications 
was  3  months  and  in  more  than  half  of  the  cases  the  drumhead 
did  not  rupture. 

The  streptococcus  mucosus  is  now  regarded  by  many  bac- 
teriologists as  belonging  rather  to  the  pneumococci  than  to  the 
streptococci.  It  tends  to  grow  in  chains  and  is  not  lanceolate 
in  shape  but  it  has  a  thick  capsule  and  is  soluble  in  bile  and 
gives  fermentation  reactions  like  the  pneumococci.  It  is  now 
classed  as  a  type  III  pneumococcus. 

The  streptococcus  appears  to  be  the  main  organism  which 
causes  ear  j:ompHcations  in  the  course  of  other  diseases.  Ur- 
bantschitsch  (21)  in  a  study  of  26  cases  of  mastoiditis  in  ty- 
phoid fever  found  streptococci  and  staphylococci  most  com- 
mon but  very  seldom  the  typhoid  bacilli.  In  these  cases  there 
was  intense  bone  destruction  with  sequestra,  fistulae,  sinus 
thrombosis,  etc.,  and  in  the  latter  condition  there  was  no  rise 
of  temperature.     Healing  was  rapid  after  operation. 

Bacillus  pyocyaneus  is  rarely  the  primary  cause  of  otitis 
media  but  now  and  then  occurs  as  a  secondary  invader.  It  is 
most  familiar  as  causing  postoperative  perichondritis.  Key- 
Aberg  (22)  describes  three  forms  of  ear  infection  by  this  or- 
ganism, though  the  above  mentioned  condition  is  the  only  im- 
portant one. 
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Bacillus  coli  is  only  very  rarely  found  in  acute  otitis  media 
Lund  (23)  in  277  bacterial  examinations  found  12,  or  4.3  per 
cent  with  bacillus  coli  and  in  5  more  there  were  coli  form  bacilli. 
In  only  one  case  was  the  otitis  acute  and  in  the  others  it  was 
chronic.  In  10  out  of  the  12  there  were  severe  intracranial 
complications,  from  which  7  died. 

Bacillus  proteus  is  practically  never  seen  in  acute  cases, 
though  not  uncommon  in  chronic  suppurations.  Lang  (24) 
found  it  7  times  in  27  chronic  cases,  but  did  not  find  it  at  all  in 
61  acute  cases.  '  • 

Atypical  Mastoiditis. 

In  a  certain  number  of  cases  of  acute  mastoiditis  owing 
to  a  peculiar  distribution  of  the  cells  or  marrow  spaces  pus  be- 
comes retained  in  some  remote  part  of  the  temporal  bone  giving 
rise  to  unusual  symptoms.  The  syndrome  described  in  1914  by 
Gradenigo  and  bearing  his  name,  is  characterized  by  acute 
pain  in  the  temporal  region  followed  by  paresis  of  the  external 
rectus  muscle  of  the  same  side.  It  is  generally  ascribed  to  in- 
flammation of  cells  near  the  tip  of  the  petrous  bone  which  in- 
volves the  6th  nerve  as  it  passes  over  it.  There  is  a  fairly  large 
literature  on  the  subject  as  very  numerous  cases  have  been  re- 
ported. 

Portmann  (25)  has  drawn  attention  to  a  form  of  mastoid- 
itis in  which  an  abscess  occurs  below  the  petrous  bone,  and 
tracks  down  the  neck  behind  the  posterior  wall  of  the  pharynx 
resembling  closely  a  tubercular  abscess  from  caries  of  the 
cervical  vertebrae. 

Uffenorde  in  1920  described  a  series  of  cases  in  which 
there  had  been  rupture  into  the  labyrinth  in  unusual  situations 
from  deeply  seated  perilabyrinthine  cells.  They  are  character- 
ized by  severe  neuralgic  pain  in  areas  supplied  by  the  trigeminal 
nerve  of  the  same  side,  and  also  in  the  occipital  region.  This 
is  present  even  when  the  nerve  is  not  involved  in  the  suppura- 
tive process.  In  fresh  cases  the  course  of  the  disease  is  long 
drawn  out  and  there  is  a  great  tendency  for  the  wound  to  heal 
up  and  break  down  again.  Later  on  there  are  symptoms  of  a 
rupture  into  the  labyrinth. 


ACUTE    OTITIS    MEDIA    AND    MASTOIDITIS.  343 

Among  the  curiosities  of  mastoiditis  Eckhardt's  (27)  case 
is  worth  mentioning.  In  it  there  was  a  perforation  through 
the  floor  of  the  tympanum  causing  an  abscess  in  the  neck,  which 
communicated  freely  through  the  jugular  foramen  with  a  large 
extradural  abscess  in  the  posterior  fossa  of  the  skull.  Bonning- 
haus  (28)  has  also  reported  a  case  of  abscess  in  the  neck  from 
perforation  of  the  floor  of  the  tympanum  without  bulbar 
thrombosis. 

•  General  Remarks 

Acute  otitis  media  whether  catarrhal  or  purulent  requires 
active  treatment.  The  pathology  as  far  as  we  know  it  indicates 
that  we  must  get  rid  of  the  secretion  before  it  has  had  time  to 
become  organized  into  new  tissue  obliterating  the  two  inches 
or  into  bands  stretching  across  from  the  ossicles  to  the  walls. 
Whenever  we  have  evidence  of  fluid  in  the  ear  a  paracentesis 
should  be  performed  as  in  most  cases  we  cannot  be  quite  sure 
whether  the  exudate  is  serous,  mucous  or  purulent. 

In  subacute  cases  it  is  advisable,  when  possible,  to  take  a 
swab  to  find  out  whether  we  are  dealing  with  a  case  of  S. 
mucosus  infection. 

I  have  had  the  opportunity  since  I  have  been  in  Ottawa  of 
treating  a  large  number  of  scarlet  fever  cases  in  the  earliest 
stages  and  I  have  seen  the  fulminating  types  several  times.  In 
those,  in  spite  of  early  paracentesis  the  whole  drumhead  on  one 
or  both  sides  sloughed  out.  Bare  bone  was  also  felt  in  the 
promontory.  These  cases  were  all  associated  with  very  severe 
nasopharyngeal  lesions.  Otitis  media  sometimes  develops  with 
extraordinary  rapidity  in  this  disease  and  when  there  is  any  sus- 
picion of  a  commencing  otitis  a  paracentesis  is  best  done  early. 
When  in  doubt  open. 

With  regard  to  sclerosis  of  the  mastoid,  while  we  must,  I 
think,  accept  Wittmaack's  view  that  the  acellular  mastoid  is 
due  to  disturbance  of  normal  pneumatization  in  early  life  and 
variations  in  type  are  largely  due  to  the  diflFerences  in  the  pe- 
riod at  which  this  disturbance  occurs,  we  cannot  agree  with  him 
that  sclerosis  due  to  disease  does  not  also  occur. 
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I  have  seen  very  numerous  sections  which  to  my  mind  are 
positive  evidence  that  bone  proliferation  does  occur  in  the  mas- 
toid cells  and  marrow  spaces  in  the  same  way  that  it  does  in 
the  labyrinth  or  jugular  bulb.  In  many  cases  the  outline  of 
this  cell  is  easily  distinguishable.  The  centre  is  filled  with 
young  fibrous  tissue  with  only  a  very  moderate  amount  of 
small  round  cells.  Ramifying  through  this  are  irregular  shaped 
trabeculae  of  bone  with  rounded  contours  thickly  covered  with 
osteoblasts  and  showing  bone  corpuscles  somewhat  larger  than 
in  the  older  bone.  This  is  in  contrast  to  areas  where  bone 
absorption  is  going  on  where  the  spaces  in  the  bone  show  in- 
tense small  celled  infiltration  or  even  nothing  but  pus.  Any 
masses  of  bone  in  such  a  cavity  do  not  resemble  at  all  the  fine- 
meshed  network  of  new  bone  in  that  the  edges  show  a  worm- 
eaten  appearance  and  there  are  no  osteoblasts.  I  must  confess 
that  I  have  not  been  able  to  find  any  osteoclasts  but  my  sections 
of  carious  bone  were  for  the  most  part  not  good  enough  to 
show  anything  very  distinctly.  The  edges  of  the  cavities  where 
breaking  down  is  occurring  are  also  irregular  and  surrounded 
by  enlarged  haversian  canals  containing  numerous  pus  cells, 
while  in  bone  proliferation  the  original  edge  of  the  bone  is 
intact  and  can  be  distinguished  from  the  new  bone.  From  the 
above  evidence  I  am  convinced  that  a  certain  amount  of  oblit- 
eration of  the  pneumatic  and  marrow  spaces  does  occur  not 
only  after  long  continued  suppuration  but  also  in  acute  cases 
which  have  lasted  only  a  few  weeks.  The  above  mentioned 
changes  were  well  seen  in  two  cases  of  5  week's  duration  and 
one  of  6  weeks. 

With  regard  to  the  question  of  spontaneous  cure  of  acute 
mastoiditis  I  think  this  may  happen  is  some  cases,  as  in  bone 
from  operated  cases  certain  areas  had  undergone  almost  complete 
obliteration  of  the  cells.  If  this  may  occur  locally  it  is  possible 
to  have  a  complete  natural  cure  if  the  anatomical  configuration, 
bacteriology  and  resistance  of  the  patient  are  all  favorable. 
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INDICATIONS     FOR     SURGICAL     INTERVENTION 
IN  ACUTE  SUPPURATION  OF  THE  MIDDLE  EAR. 

By  PHILLIP  D.   KERRISOX,   M.   D..   New  York  City. 

I  should  like  to  say  that  in  venturing  to  present  this 
rather  hackneyed  subject  before  this  body,  I  have  done  so  at 
the  request  of  the  council  of  the  Society.  In  other  words,  the 
subject  is  very  distinctly  not  of  my  selection.  It  is  particularly 
difficult  to  formulate  any  absolutely  safe  rules  as  to  the  indi- 
cations for  operating  in  acute  middle  ear  and  mastoid  lesions, 
and  if  my  statements  are  made  with  rather  more  dogmatism 
than  I  usually  care  to  employ,  I  have  used  this  form  as  perhaps 
providing  a  better  basis  for  your  more  important  discussion 
which  is  to  follow. 

I  take  it  that  "surgical  intervention"  in  the  sense  of  this 
discussion  should  include  the  operations  of  myringotomy  and 
mxistoidectomy  and  no  others. 

Indications  for  myringotomy.  Whenever  in  a  case  of 
acute  aural  disease,  the  symptoms  and  physical  signs  give  clear 
indications  of  tympanic  infection  with  evidences  of  fluid  pus 
in  the  middle  ear,  the  drum  membrane  should  be  incised.  If 
we  must  state  this  in  the  form  of  a  syndrome,  reduced  to  its 
most  elementary  components,  I  should  say  that  earache,  eleva- 
tion of  temperature  and  some  im,pairment  of  hearing  coupled 
with  physical  signs  of  an  inflamed  and  bulging  drum  membrane 
call  for  prompt  incision  of  the  drumhead.  I  shall  discuss  this 
indication  further  in  the  latter  part  of  the  paper. 

Indications  for  mastoidectomy.  In  the  presence  of  the 
classical  symptoms  of  mastoid  infection — which  need  not  be 
outlined  before  the  members  of  this  Society — the  following 
conditions  would  call  more  or  less  positively  for  surgical  inter- 
vention, — i.  e.,  the  classical  mastoid  operation : 

(1)  Post  auricular  edema  or  subperiosteal  abscess. 

(2)  Definite  mastoid  tenderness,  extending  well  beyond  the 
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limits  of  the  antrum,  and  showing  no  tendency  to  diminution 
within  6  or  7  days  following  incision  of  the  drum  membrane. 

(3)  Marked  variations  in  the  amount  of  discharge  extend- 
ing over  a  considerable  period  of  time,  the  periods  of  maxi- 
mum flow  showing  an  amount  of  pus  obviously  too  great  to 
be  of  purely  tympanic  origin.  Should  this  condition  be  ac- 
companied by  temperature  variations,  the  higher  temperature 
levels  coinciding  with  the  periods  of  diminished  discharge,  the 
indication  for  surgical  relief  would  be  further  defined  and  em- 
phasized. 

(4)  Prolonged  discharge  from  the  ear,  if  associated  with 
persistent  and  marked  diminution  of  hearing,  constitutes  a  valid 
reason  for  operating  upon  the  mastoid.  This  statement  is  based 
on  the  need  of  surgical  drainage  as  a  means  of  safe-guarding 
the  hearing  and  on  the  large  percentage  of  such  cases  which 
eventually  call  for  surgical  intervention  as  the  surest  and  in 
tome  cases  the  only,  way  of  bringing  about  recovery. 

(5)  In  the  fifth  position,  I  would  place,  if  I  may  coin  a 
term,  what  may  be  spoken  of  as  the  dripping  drum  membrane. 
I  refer  to  the  condition  in  which  an  inflamed  and  infiltrated 
drum  membrane,  after  one  or  possibly  repeated  myringotomies, 
continues  constantly  to  exude  pus.  We  may  cleanse  the  canal 
by  any  means  at  our  command  and  then,  as  often  as  we  wipe 
away  pus  from  the  region  of  the  perforation,  it  is  seen  to  drip 
almost  drop  by  drop  into  the  canal.  It  is  a  slow  welling  up  of 
pus  indicating  an  overflow  from  surcharged  mastoid  cells,  and 
usually  indicates  the  need  of  drainage  through  a  mastoid  opera- 
tion. 

(6)  Temperature.  I  have  said  little  of  temperature 
changes  for  the  reason  that  fever  is  so  inconspicuous  a  symptom 
in  many  cases  even  of  severe  mastoid  inflammation.  During  the 
course  of  any  case  of  acute  or  subacute  tympano-mastoid  in- 
fection, however,  a  sudden  change  in  the  temperature  range, — 
either  in  the  form  of  a  rapid  elevation  to  high  temperature  or 
of  a  slowly  mounting  temperature  curve — may  constitute  a 
valid  reason  for  surgical  intervention.  It  is  understood,  of 
course,  that  this  indication  would  have  weight  only  after  care- 
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ful  elimination  of  other  causes  in  intercurrent  disease  not  of 
otitic  origin. 

(7)  Evidences  of  tympano-mastoid  infection  being  pres- 
ent, the  development  at  any  time  of  homolateral  abducens  pa- 
ralysis— i.  e.,  as  shown  by  diplopia  and  paralysis  of  the  homo- 
lateral external  rectus  occuli — constitutes  in  my  opinion  a  very 
positive  indication  for  the  mastoid  operation.  This  statement 
is  based  on  the  statistics  in  such  cases  which  show  fairly  con- 
clusively a  percentage  of  mortality  which  is  very  decidedly 
larger  in  cases  not  operated  upon  than  in  those  operated  upon. 
Recovery  of  ocular  function  is  also  more  rapid  and  occurs  in 
a  larger  percentage  of  cases  following  a  careful  mastoidectomy 
than  in  cases  treated  non-surgically. 

(8)  Finally  symptoms  of  mastoiditis  having  been  or  being 
present,  the  development  of  symptoms  of  septic  absorption — e. 
g.,  chills,  sweats,  septic  temperature  curve,  etc. — would  indicate 
the  urgent  need  of  immediate  surgical  intervention. 

N.  B.  I  have  intentionally  omitted  in  the  above  any  men- 
tion of  symptoms  referable  to  the  static  labyrinth — i.  e.,  of  ves- 
tibular irritation — ^because  I  believe  that  each  such  case  should 
be  made  the  subject  of  careful  individual  study  before  deciding 
upon  any  surgical  measure.  To  discuss  this  question  conserv- 
atively and  without  unwarrantable  dogmatism  would  unduly 
prolong  this  paper. 

In  trying  to  formulate  any  rational  statement  of  the  indi- 
cations for  mastoid  surgery,  one  is  prepared  to  admit  that 
under  all  or  any  of  the  conditions  above  outlined  the  patient, 
if  he  refuses  operation,  may  yet  recover  completely.  The 
aurist,  however,  is  called  upon  to  consider  the  following  ques- 
tions:  (a)  whether  the  patient's  condition  is  such  that  prompt 
relief  through  post-auricular  drainage  is  called  for;  (b) 
whether  physical  changes  in  tympanic  structures  with 
evidences  of  pronounced  functional  loss  call  for  surgical  inter- 
vention for  the  conservation  of  hearing;  and  (c)  whether  the 
possibilities  of  intracranial  invasion  outweigh  in  any  particu- 
lar case  the  advantages  of  delay. 

It  seems  to  me  that  to  formulate  any  binding  or  blanket 
rules  as  to  time  limits — e.  g.,  that  mastoid  tenderness  persisting 
for  two,  three  or  four  days  calls  per  se  for  mastoid  surgery — 
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is  to  ignore  much  or  all  that  is  known  of  the  variations  in  type 
of  mastoid  structure. 

With  a  mastoid  of  pneumatic  type  and  thin  cortex,  marked 
tenderness  on  pressure  may  coexist  for  days  with  other  symp- 
toms of  quite  favorable  prognostic  significance, — e.  g.,  improve- 
ment in  hearing  and  in  tympanic  physical  signs,  progressive 
diminution  of  discharge  with  continuously  normal  temperature, 
etc. 

However  careful  one  may  be  in  formulating  rules  for  oper- 
ating upon  the  mastoid,  there  is  yet  another  factor— not  easily 
reducible  to  words — which  never-the-less  may  modify  the 
judgment  of  an  experienced  surgeon  in  regard  to  a  particular 
case,  and  overrule  the  deductions  usually  to  be  drawn  from 
certain  signs  or  symptoms  present.  I  refer  to  that  indefinable 
something  in  the  patients  general  appearance  or  condition 
which  in  spite  of  fever  or  mastoid  tenderness  may  indicate,  or 
at  least  suggest,  that  the  progress  of  the  lesion  is  advancing 
favorably  in  one  case  and  unfavorably  in  another.  This  is  par- 
ticularly true  in  the  case  of  infants  and  young  children.  It  is 
an  intuitive  inference  based  on  the  subconscious  memory  of 
many  cases  carefully  observed.  It  councils  delay  in  operating 
in  certain  cases  which  eventually  recover  wholly  without  oper- 
ation. It  proves  untrustworthy  in  certain  cases  in  which  the 
need  of  surgical  intervention  subsequently  becomes  obvious ; 
on  the  other  hand,  it  saves  many  patients  from  the  trials  of  a 
needless  operation. 

The  Blood  Count  may  be  past  over  with  brief  mention. 
Naturally  increased  leucocyte  count  and  increased  polymor- 
phonuclear percentage  may  be  expected  as  in  any  suppurative 
process.  Usually,  however,  the  blood  changes  are  not  suffi- 
ciently marked  in  uncomplicated  tympanic  or  mastoid  infec- 
tion, and  their  regular  exaggeration  with  any  local  exacerba- 
tions cannot  be  sufficiently  relied  upon,  to  justify  us  in  placing 
great  emphasis  on  their  invariable  presence  or  importance. 

Naturally,  in  a  case  presenting  unmistakable  symptoms  of 
mastoid  infection,  a  steadily  increasing  leucocyte  count  and 
polymorphonuclear  percentage  would  have  great  surgical  sig- 
nificance.   On  the  other  hand,  in  the  presence  of  certain  clearly 
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defined  local  indications,  the  absence  of  marked  changes  in  the 
blood  cell  count  would  not  carry  great  weight  in  disproving 
the  necessity  for  surgical  intervention. 

Bacteriology.  I  have  said  nothing  so  far  of  bacterial 
findings  because  it  has  seemed  to  me  that  too  much  may  easily 
be  made  of  this  factor  in  determining  the  question  of  surgical 
intervention.  I  have,  however,  collected  120  cases,  taken  at 
random  of  mastoiditis  operated  upon  in  the  Manhattan  Eye, 
and  Ear  Hospital  since  January  first  of  this  year.  The  bac- 
teria isolated  from  pus,  taken  from  the  mastoid  cells  during 
operation,  give  the  following  results. 

non-haemolytic  streptococcus  mitis 55 

hsemolytic  streptococcus  pyogenes    49 

hsemolytic    streptococcus   infrequens    4 

hsemolytic  streptococcus  anginosis    3 

streptococcus  mitis  and  staphylococcus  albus    2 

streptoccoccus  mitis  and  streptococcus  pyogenes 1 

streptococcus  pyogenes  and   staphylococcus  albus    1 

streptococcus  pyogenes  and  staphylococcus  aureus   1 

non-haemolytic  streptococcus  salivarius    1 

streptococcus  infrequens  and  staphylococcus  albus   \r 

pneumococcus,  type   1    1 

pneumococcus,  type  111  (streptococcus  mucosus  capsulatus)     1 


120 

Analyzing  the  above,  we  find  that  the  streptococcus  mitis 
in  pure  culture  was  the  oflfending  organism  in  46  per  cent,  of 
these  cases,  and  the  haemolytic  streptococcus  pyogenes  in  40  per 
cent.  If  we  add  to  these  the  cases  in  which  these  germs  took 
part  in  a  mixed  infection,  we  find  that  they, — the  non-haemoly- 
tic streptococcus  mitis  and  the  haemolytic  streptococcus  pyo- 
genes, were  present  in  109  cases  of  this  series  of  120. 

X-roy  examination  and  the  question  of  surgical  interven- 
tion. This  subject  has  been  so  often  discussed  by  men  more 
competent  than  I  that  my  inclination  would  be  to  evade  alto- 
gether this  particular  issue.  Since  the  function  of  this  paper, 
however,  is  to  promote  discussion,  and  since  the  expression  of 
a  definite  view-point  is  the  best  means  of  accomplishing  this 


SURGICAL   IXTERVEXTIOX.  35^ 

purpose,  I  shall  state  my  belief  that  the  value  of  mastoid  radio- 
grams in  determining  the  need  of  surgical  intervention  Has 
been  considerably  over-rated. 

In  the  first  place,  the  possibility  of  anatomical  or  structural 
differences  between  the  two  mastoids  is  in  practice  usually  lost 
sight  of-.  Of  this  possible  source  of  error  I  oflfer  the  follow- 
ing instance:  On  November  last,  a  man  came  to  the  Manhat- 
tan Eye  and  Ear  Clinic  presenting  typical  symptoms  of  acute 
suppurative  otitis  media  of  the  right  ear,  but  with  no  tenderness 
or  symptoms  of  mastoid  involvement.  I  referred  this  patient 
to  Dr.  Byrd  with  a  suggestion  that  it  might  be  interesting  to 
have  an  X-ray  picture  made.  A  few  days  later  I  was  shown 
the  report  that  the  radiogram  in  this  case  indicated  a  mastoid 
filled  with  pus  or  granulations  with  bone  absorption  to  the 
point  of  complete  destruction  of  all  intercellular  structure.  On 
the  strength  of  this  report,  the  patient  was  urged,  considerably 
against  his  will  and  in  spite  of  improvement  in  the  tympanic 
physical  signs,  to  submit  to  a  mastoid  operation.  Two  days 
later,  being  in  the  hospital  while  this  man  was  on  the  operating 
table,  I  was  sent  for  by  Dr.  Byrd,  to  come  to  the  operating 
room.  I  found  a  half  finished  excavation  through  as  uniformly 
hard  and  sclerotic  a  bone  as  I  have  ever  seen  even  among  col- 
lections of  temporal  bone  specimens.  Not  even  a  tip  cell  was 
disclosed.  This  man  made  a  quick  recovery  from  an  operation 
based  solely  on  a  quite  natural  misinterpretation  of  asymmetry 
between  the  two  temporal  bones. 

A  few  days  ago,  I  was  examining  with  Dr.  Law  the  radio- 
gram of  a  mastoid,  on  which  a  leport  of  "cell?  containing  pus 
or  granulations"  had  been  made.  Dr.  Law  remarked  to  me 
that  he  had  repeatedly  seen  equal  changes  in  the  mastoid  tells 
in  radiograms  of  patients  suflfering  solely  from  furunculosis 
of  the  external  auditory  meatus.  I  asked  if  I  was  to  interpret 
this  statement  as  referring  solely  to  cases  of  furunculosis 
giving  rise  to  post-auricular  edema,  to  which  he  replied  that 
it  occurred  as  often  in  cases  strictly  localized  within  the  meatus. 
Dr.  Law  said  that  he  had  several  times  stated  these  facts  in  dis- 
cussions before  medical   societies. 

Recognizing,  then,  the  possibility  of  anatomical  variations 
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between  the  two  mastoids,  and  further  that  sHght  vascular  or 
inflammatory  changes  in  cell  linings  may  be  recorded  in  the 
X-ray  picture,  it  is  clear  that  the  surgical  significance  of  such 
evidence  may  be  exaggerated. 

Of  greater  interest  than  the  facts  above  cited,  are  the 
X-ray  findings  in  certain  cases  in  which  successive  radiograms, 
taken  at  considerable  intervals  apart,  have  shown  first  disease, 
then  the  unfinished  process  of  repair  and  finally  the  complete 
return  to  normal.  This  sequence  of  events  has  several  times 
been  demonstrated  by  serial  plates  in  the  X-ray  laboratory 
of  the  Manhattan  Eye  and  Ear  Hospital.  I  have  a  set  of  plates 
beautifully  illustrating  such  changes  in  one  of  my  own  patients 
who  escaped  operation. 

I  personally  believe  that  the  potential  value  of  X-ray  studies 
of  tympano-mastoid  disease  has  not  yet  been  measured.  It  is 
perhaps  a  Utopian  fancy  that  at  some  future  time  the  joint 
studies  of  radiologist  and  otologist  will  have  reduced  the 
radiographic  findings  to  a  more  exact  and  useful  place  in  the 
symptomatology  of  mastoid  disease, — i.  e.,  that  the  evidences 
of  successive  radiograms  may  be  correlated  both  with  the 
recognized  structural  types  of  bone  and  with  successive  stages 
of  the  lesion.  Such  an  extension^  or  development  of  the  art 
of  X-ray  interpretation  might  enable  us  to  know  in  advance — 
i.  e.,  without  surgical  exploration — why  in  certain  cases  mastoid 
tenderness  is  absent,  while  in  others  marked  tenderness,  persist- 
ing over  very  considerable  periods,  may  co-exist  with  recog- 
nizable and  satisfactory  evidences  of  bone  repair. 

If  we  project  ourselves  into  an  imaginary  otological  mille- 
nium  and  see  there  a  heavily  endowed  institution  specialized 
for  the  intensive  study  of  tympano-mastoid  infections,  is  it  not 
probable  that  the  X-ray  will  have  acquired  vastly  greater  in- 
terpretive value,  while  perhaps  losing  somewhat  of  its  impor- 
tance as  evidence  upon  which  to  pass  surgical  judgment  on 
the  patient? 

It  is  probable  that  very  slight  inflammatory  or  congestive 
changes  in  the  mastoid  cells  are  recorded  in  the  X-ray  picture. 
If  this  be  so,  it  is  clear  that  the  greatest  discrimination  is  called 
for  in  the  surgical  interpretation  of  mastoid  radiograms. 
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Before  turning  this  subject  over  to  you  for  discussion  I 
would  like  to  say  a  few  words  more  (1)  as  to  our  view-point 
and  (2)  as  to  certain  fallacies  having  perhaps  a  limited  influ- 
ence upon  general  medical  opinion,  with  regard  to  incision  of 
the  drum  membrane. 

That  an  inflamed  and  bulging  drum  membrane  is  in  the 
vast  majority  of  cases  best  treated  by  free  incision  is  an  oto- 
logical  truism.  There  is,  however,  one  clinical  picture  of  acute 
tympanic  inflammation  in  which  I  am  inclined,  though  always 
with  some  anxiety  as  to  the  outcome,  to  postpone  myringotomy. 
It  may  be  described  as  follows :  Sudden  pain  in  the  involved 
ear,  showing  a  tendency  to  subside  quickly ;  drum  membrane 
intensely  red  and  inflamed  in  appearance  but  not  bulging, — i.  e., 
normal  landmarks,  with  exception  of  light  reflex,  still  main- 
tained; temperature  normal  or  only  slightly  elevated;  hearing 
not  appreciably  impaired.  With  such  a  condition,  rest  in  bed, 
brisk  catharsis,  administration  of  atrophin  or  belladonna  in  suit- 
able combination  with  appropriate  adjuvants  and  pushed  to  the 
safety  limits  of  physiological  action,  will  bring  about  resolution 
in  a  very  considerable  percentage  of  cases  without  incision  of 
the  drumhead.  Naturally,  the  drum  membrane  should  be  re- 
examined at  short  intervals  until  the  turning  point  is  past. 

A  factor  which  possibly  has  led  to  some  confusion  of 
thought  with  the  medical  profession  at  large,  should  perhaps 
be  called  to  your  attention.  I  refer  to  the  published  views 
of  men  who  have  made  no  special  study  of  Otology.  It  is  a 
distinctly  fortunate  thing  that  so  many  able  physicians  and 
pediatricians  are  acquiring  the  habit  of  careful  routine  exami- 
nation of  the  ears.  Some  of  the  papers  by  physicians  outside 
of  our  specialty  have  been  excellent  in  every  respect,  as  for 
example  the  short  but  comprehensive  monograph  on  the  indi- 
cations for  myringotomy  by  Dr.  Walter  Lester  Carr  (1). 

That  there  are  others  which  run  counter  to  sound  otologic 
theory  is  not  surprising. 

Statements  or  theories  on  which  a  consensus  of  otologic 
opinion  should  Jiave  authoritative  expression.  In  a  paper  read 
before  the  otological  section  of  the  New  York  Academy  of 
Medicine  in  1920,  Dr.  L.  E.  LaFetra,  after  describing  a  typical 
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picture  of  acute  otitis  media,  including  a  red  and  bulging  drum 
membrane,  said :  "Only  when  the  temperature  is  high,  the  pain 
acute  and  the  bulging  marked,  have  I  deemed  it  wise  to  incise 
at  once."  (2).  These  views  were  further  emphasized  before  a 
meeting  of  the  Academy  of  Medicine,  18  months  later  when 
Dr.  LaFetra  expressed  his  belief  that  "many  red,  swollen  and 
bulging  ear  drums  clear  up  without  incision  even  when  bulg- 
ing is  distinct  in  all  its  parts,  so  bulging  is  not  an  absolute  indi- 
cation for  paracentesis." (3).  Discussing  the  treatment  of 
otitis  media  in  children  before  a  meeting  of  the  New  York 
Academy  of  Medicine,  Section  on  Pediatrics,  Dr.  Sidney  V. 
Hass  said  that  he  "was  sure  that  early  incision  was  not  only 
not  indicated  but  was  actually  harmful.  It  was  better  to  wait 
3,  4  or  5  days  than  to  make  the  incision  within  the  first  24 
hours."  (4).  These  or  similar  views  are  still  being  promul- 
gated. 

Before  giving  an  opinion  as  to  the  value  of  these  contri- 
butions, let  us  consider  for  a  moment  the  grounds  on  which 
the  advocates  of  delay  base  their  arguments.  We  find  that 
without  exception  it  is  the  personal  experience  of  the  various 
writers  that  we  are  called  upon  to  accept, — i.  e.,  the  number  of 
recoveries  or  cures  without  myringotomy  that  have  occurred. 
But  are  these  observations,  even  though  set  forth  in  good  faith, 
to  be  accepted  without  reservation?  Remember  that  normality 
of  the  drum  membrane,  signs  of  tympanic  disease,  and  the 
return  to  normality  are  conditions  requiring  years  of  experi- 
ence to  interpret  correctly.  Remember  that  the  papers  in 
question  are  written  by  men  who  are  not  in  touch  with  practical 
otology;  that  the  patients  they  discharge  as  cured  are  likely  in 
case  of  recurrence  to  fall  under  the  care  of  an  aurist  rather 
than  return  to  the  pediatrist  or  general  practitioner.  Does  the 
non-specialist  see  in  sufficient  percentages  his  end-results  to 
make  his  reports  and  deductions  trustworthy? 

Were  these  contributions  to  ignorance  surely  without  influ- 
ence, or  if  they  involved  no  risks  to  the  community,  they  might 
well  be  deemed  inappropriate  to  this  discussion.  But  since  they 
are  distinctly  misleading  and  therefore  harmful,  an  expression 
of  opinion  by  this  Society  may  serve  a  useful  purpose. 
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Let  us  say  that  an  inflamed,  intact  and  bulging  drum  mem- 
brane should  be  incised  without  unnecessary  delay.  If  called 
upon  to  defend  this  position,  we  may  give  the  argument  against 
delay  in  somewhat  the  following  order:  (1)  prompt  incision  of 
the  drum  membrane  may,  and  in  a  majority  of  cases  does,  pre- 
vent serious  mastoid  involvement,  which  in  turn  might  lead 
to  grave  intracranial  complications  and  death.  (2)  Experience 
has  definitely  shown  that  the  average  period  of  recovery  is 
shorter  following  early  incision  than  in  cases  in  which  myringo- 
tomy is  delayed.  (3)  The  healing  of  the  membrane,  restora- 
tion of  normal  intra-tympanic  conditions  and,  therefore,  the 
reestablishment  of  normal  function  is  better  assured  by  an 
early  primary  incision  than  by  delayed  myringotomy  or  depend- 
ence on  spontaneous  rupture.  (4)  Recognizing  the  varying 
virulence  of  diflferent  germs,  delay  in  opening  the  drum  mem- 
brane would  seem  to  be  the  expression  of  a  loose,  haphazard 
method  of  thought  which  takes  no  account  of  the  nature  of  the 
germ  present,  and  niay  therefore  favor  the  rapid,  and  possibly 
fatal,  spread  of  the  most  virulent  type  of  infection.  (5)  Fi- 
nally, delay  in  incising  an  inflamed  and  bulging  drum  membrane 
is  in  opposition  to  the  oldest  of  sound  surgical  laws,  which  de- 
mands that  confined  pus  shall  be  evacuated. 

The  question  of  repeated  myringotomies  is  a  recurring  sub- 
ject of  dispute  in  otological  societies.  On  the  one  hand,  we 
hear  statements  that  if  after  one  or  possibly  two  myringotomies 
the  symptoms  are  not  relieved,  prompt  recourse  to  mastoid  sur- 
gery is  indicated ;  on  the  other  we  have  the  numerous  case  re- 
ports in  which  complete  recovery  without  mastoidectomy  has 
occurred  only  after  several  incisions  of  the  membrana  tympani. 
The  writer  personally  believes  that  any  dogmatic  statement 
as  to  limiting  the  number  of  repetitions  of  this  very  logical  little 
operation  serve  only  to  bring  otology  and  otologists  into  dis- 
repute. 
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Discussion. 

Dr.  J.  S.  Fraser,  Edinburgh,  Scotland  (by  invitation) 
said :  I  am  very  much  honored  in  being-  asked  to  open  the 
discussion  on  these  interesting  papers.  In  regard  to  Dr. 
Dickie's  paper,  I  have  w^ondered  whether  all  the  middle  ear 
cavities.  Eustachian  tube,  tympanum,  antrum  and  air  cells 
are  not  lined  with  ciliated  epithelium.  In  the  normal 
tympanum  and  antrum  the  epithelium  is  dry,  and  the  cilia 
are  not  evident,  being  plastered  on  the  walls  of  the  cells. 
In  the  tube  there  is  moisture  and  the  cells  therefore  appear 
ciliated.  When  the  middle  ear  cleft  becomes  inflamed  and 
full  of  serous  or  mucous  exudate  then  the  real  character 
of  the  cells  is  revealed,  and  you  see  in  microscopic  section 
that  the  mastoid  antrum  and  air  cells  have  all  the  time  been 
lined  with  ciliated  cells.  It  was  only  because  the  cells  were 
dry,  that  they  appeared  as  squamous  cells.  I  cannot  believe 
that  squamous  cells  can  become  ciliated.  I  believe  the  cells 
were  always  ciliated  as  they  appear  in  places  where  mois- 
ture is  normally  present.  Perhaps  a  simple  analogy  may 
help  in  this  matter.  The  Japanese  stores  sell  little  dry  pith 
flowers,  which,  when  dropped  into  finger  bowls  full  of  water 
expand  into  figures  which  resemble  a  rose  or  la  pansy ; 
sometimes  they  do  not  expand.  I  think  that  in  the  middle 
ear  the  presence  of  mucus,  serum  or  pus  acts  like  water, 
causes  the  cells  to  swell  and  reveals  their  real  character. 
I  do  not  agree  with  Dr.  Dickie  that  there  is  less  tendency 
to  mastoiditis  in  a  socalled  "sclerotic"  mastoid  process  than 
in  a  pneumatic  one.  Mastoiditis  is  just  as  common  in  one 
type  of  process  as  in  another,  but  it  is  not  so  manifest  in 
the  latter  type  and  the  lesion  goes  on  to  chronic  suppura- 
tion without  coming  to  the  surface.  In  regard  to  Dr. 
Kerrison's  paper,  I  noticed  he  missed  out  paralysis  of  the 
facial  nerve  as  an  indicaton  for  opening  the  mastoid.  I  am 
not  at  all  sure  that  paralysis  of  the  facial  nerve  in  acute 
otitis  media  is  an  absolute  indication  for  opening  the 
mastoid.  I  think  that  the  facial  paralysis  like  the  otitis 
media  which  causes  it  may  clear  up  spontaneously.     I  wish 
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to  congratulate  Dr.  Kerrison  and  Dr.  Dickie  on  their  most 
interesting  papers.  • 

Dr.  Edward  B.  Dench,  New  York  City  said :  In  refer- 
ence to  Dr.  Dickie's  paper,  I  was  interested  in  the  hemor- 
rhage type  of  the  disease.  My  experience  has  been  with 
the  latter.  We  have  found  that  if  we  can  tide  the  case 
over  for  three  or  four  days,  in  spite  of  the  pain,  we  can 
get  a  better  operative  result,  with  prompt  healing,  and  a 
more  aseptic  field.  There  is  no  line  of  demarcation  be- 
tween healthy  and  diseased  tissue,  and  in  the  hemorrhagic 
cases  where  I  have  done  an  early  operation  the  wound  has 
become  infected,  and  if  we  had  waited  longer  the  case 
would  have  followed  the  ordinary  course  of  the  mastoid 
wound,  with  the  possibility  of  eradicating  all  diseased 
tissue,  with  good  recovery. 

In  regard  to  the  so  called  sclerotic  mastoid,  this  is  the 
result  of  suppuration,  rather  than  the  cause  of  it.  We  can 
pick  out  the  cases  and  say  that  there  was  previous  suppura- 
tion causing  change  in  the  bone.  This  is  the  effect,  not  the 
cause. 

In  reference  to  Dr.  Kerrison's  paper,  he  has  put  the 
subject  in  a  very  clear  way.  One  point  should  be  empha- 
sized, a  persistent  discharge  from  the  ear  is,  I  believe,  an 
indication  for  a  mastoid  operation.  Sometimes,  however, 
after  two  or  three  weeks  the  case  clears  up  spontaneously, 
and  with  no  recurrence.  I  think  the  term  "dripping  drum" 
is  an  apt  one.  These  cases  call  for  operation,  not  only  be- 
cause there  is  danger  to  life,  but  operation  may  prevent 
otosclerosis.  This  is  an  important  point.  I  was  glad  to 
hear  Dr.  Fraser  speak  about  otitis  media  as  a  cause  of  oto- 
sclerosis. Another  point  is  that  in  atypical  cases  the  patient 
is  apparently  well,  but  there  is  a  sinking  of  the  upper  pos- 
terior wall  of  the  canal ;  this  is  one  of  the  best  signs  for 
operation.  I  don't  think  the  blood  count  is  of  much  sig- 
nificance in  mastoid  conditions.  With  reference  to  the  X- 
ray,  I  am  surprised  that  furuncle  in  the  canal  should  cause 
clouding  of  the  X-ray  plate.     I  had  one  case  a  short  time 
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ago  which  I  thought  was  one  of  furunculosis,  but  when  I 
opened  it  I  found  a  very  typical  mastoid  case.  He  did  not 
have  any  tenderness ;  furuncles  are  always  tender.  An- 
other thing  which  is  very  misleading  in  the  X-ray  is  a 
superficial  lateral  sinus  with  a  history  of  acute  otitis 
media  some  time  before.  There  may  be  a  large  lateral  sinus 
lying  superficially,  which  gives  an  idea  of  cavitation  of  the 
mastoid  instead  of  the  right  diagnosis.  A  symmetrical 
darkening  of  the  plate  in  this  region  will  clear  up  the  diag- 
nosis. In  one  such  case  the  patient  was  nearly  operated 
on  by  mistake  and  in  another  the  case  nearly  escaped  oper- 
ation, but  both  cases  came  out  well.  In  regard  to  the  val- 
ue of  successive  X-ray  plates,  I  agree  to  that,  the  plan 
works  very  well.  In  reference  to  the  incision  of  the  drum 
membrane,  the  speaker's  remarks  are  very  apt.  In  the  re- 
cent flu  epidemic  the  drum  membrane  was  incised  unnec- 
essarily in  many  cases  by  unskilled  men.  It  is  a  mistake  to 
incise  every  drum  membrane  that  is  congested,  and  also  a 
great  mistake  not  to  incise  with  an  increased  temperature 
and  signs  of  infection.  There  should  be  an  exact  diagnosis 
in  all  of  these  cases  and  operation  should  only  be  resorted 
to  when  necessary. 

Dr.  B.  Alex.  Randall,  Philadelphia:  I  think  that  the 
Society  is  greatly  to  be  congratulated  on  this  paper  from 
Dr.  Dickie.  I  hope  it  will  inaugurate  a  series  of  successful 
firsthand  studies,  of  which  we  have  too  little  in  America. 
I  shall  read  and  re-read  this  paper  with  increasing  interest. 
I  was  pleased  with  the  evidence  of  elective  acceptance  of 
some,  but  not  all,  of  the  views  of  Witmaack,  which  I  be- 
lieve should  be  accepted  with  a  large  grain  of  salt.  I  would 
protest  against  the  term  "organization  of  pus  cells,"  and 
should  prefer  the  term  "exudate."  If  they  have  become  pus 
cells,  they  have  passed  the  stage  of  organization. 

Dr.  L.  W.  Dean,  Iowa  City :  I  want  to  say  a  word 
about  Dr.  Eraser's  remarks  about  ciliated  epithelium  in  the 
tympanic  cavity.     I  don't  think  ciliated  cells  occur  in  the 
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tympanic  cavity  of  infants  because  the  mucous  meml)rane 
goes  down  to  the  inner  surface  of  the  drum  head  which  is 
free  from  ciliated  cells.  Dr.  Prentice  examined  the  dru-m 
head  to  see  if  he  could  find  a  single  evidence  of  existing 
or  pre-existing  inflammation  but  he  did  not  find  any  signs 
in  the  tube  or  tympanum  either  macroscopically  or  micro- 
scopically. 

Dr.  S.  MacCuen  Smith,  Philadelphia :  I  would  like  to 
emphasize  the  wisdom  of  waiting  for  the  walling-off  pro- 
cesss  in  uncomplicated  hemorrhagic  mastoiditis.  It  is  a 
safe  procedure,  it  makes  operation  easier,  and  the  patient 
does  very  much  better.  I  wish  to  make  a  plea  for  the  use 
of  the  word  myringotomy,  instead  of  paracentesis.  The 
latter  means  puncture  of  the  drumhead  and  myringotomy 
means  incision.  We  need  incision  to  evacuate  pus.  In 
regard  to  the  necessity  for  myringotomy  in  all  cases  where 
there  is  fluid,  the  rule  laid  down  by  the  senior  Gross  is 
sound:  "Whenever  there  is  pus,  let  it  out,"  regardless  of 
its  location.  In  regard  to  X-ray,  it  is  not  always  exact  in 
showing  the  pathological  changes  in  the  temporal  bone, 
but  helps  us  in  a  large  number  of  cases.  I  recall  a  case  sent 
to  me  by  a  roentgenologist  who  had  found  what  he  termed 
chronic  mastoiditis  in  a  man  who  had  had  ear  symptoms 
for  ten  days.  I  kept  the  patient  under  observation  for  four 
weeks.  He  had  a  slight  discharge  from  the  ear,  due  to 
spontaneous  rupture.  When  I  saw  him  there  was  a  swell- 
ing near  the  occipital  protuberance  and  pain  down  the  jug- 
ular. A  mastoid  operation  was  finally  performed  and  he  had 
the  type  of  mastoid  disease  pointed  out  by  the  X-ray.  He 
had  had  chronic  ear  trouble  some  time  previously.  There 
was.  a  very  thick  cortex  which  prevented  any  pain  over  the 
mastoid  process,  and  the  direction  of  inflammation  was 
entirely  internal.  This  is  the  type  of  case  in  which  we  get 
intracranial  complications. 

Good  judgment  developed  by  extensive  experience  will 
enable  us  at  times  to  refrain  from  operations  that  seem  to 
be  imperative  and  are  often  demanded  by  those  interested 
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in  the  case.  Do  not  be  driven  to  do  a  mastoid  operation  in 
any  disease  of  the  middle  ear  where  mastoid  disease  is  not 
very  definite.  Recently  I  w^as  asked  to  see  a  physician 
suffering  from  acute  otitis  media,  running  a  temperature 
of  106-7°,  dropping  to  99°,  this  range  occurring  once  or 
twice  in  24  hours.  The  patient  complained  of  some  pain 
down  the  neck.  I  was  urged  to  operate  on  him  for  sinus 
thrombosis.  The  clinical  picture  reminded  me  of  other 
cases  of  developing  central  pneumonia.  The  operation 
was  delayed  and  the  patient  recovered  from  the  subse- 
quently well-defined  pneumonia  without  surgical  interven- 
tion. I  have  had  four  instances  of  this  at  times  when  I 
have  been  urged  to  do  a  mastoid  operation  or  ligation  of 
the  jugular.  This  is  a  warning  not  to  operate  when  your 
judgment  dictates  against  it. 

Dr.  J.  M.  Dickie  (closing)  said :  I  am  much  inter- 
ested in  Dr.  Fraser's  theory,  that  the  ciliated  epithelium 
might  be  there  all  the  time  in  a  shrunken  condition,  and 
that  the  cilia  only  show  up  when  in  contact  with  excessive 
secretion. 

Dr.  Dench  stated  that  his  experience  with  the  hemor- 
rhagic type  of  mastoiditis  was  that  they  did  better  if  not 
operated  at  once.  I  believe  in  early  operations  for  mastoid- 
itis, as  a  general  rule,  but  with  these  the  temperature  does 
not  always  drop  soon  after  the  operation,  as  it  does  in  other 
cases.  Those  in  whom  the  operation  was  only  performed 
well  after  the  mastoiditis  was  evident  followed  a  normal 
course.  Still,  I  should  feel  nervous  about  delaying  opera- 
tion any  longer  than  absolutely  necessary.  Dr.  Dean's 
account  of  Dr.  Prentiss's  work  is  interesting.  I  have  not 
examined  more  than  one  or  two  specimens  of  the  normal 
ear  in  young  children  and  I  do  not  remember  what  the 
character  of  the  mucous  membrane  was.  It  is  said  to  be 
like  the  adult  type  with  very  few  cilia.  There  is  a  difference 
of  opinion  among  the  authorities  as  to  whether  the  pres- 
ence of  ciliated  epithelium  is  normal  or  pathological  in 
children. 
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By  CHARLES  E.  PERKIXS,   M.   D.,   New  York  City. 

Three  patients  whose  histories  I  propose  to  relate  all  re- 
covered. 

Case  I. — The  patient  was  a  negro,  thirty  years  old.  Ad- 
mitted to  the  Hospital  May  17th,  1921.  His  right  ear  had 
been  deaf  four  and  a  half  years,  following  an  attack  of  mumps, 
associated  with  tinnitus  and  vertigo.  A  week  previously  he 
had  pain  in  the  right  ear,  for  which  myringotomy  was  done. 
Two  days  later  myringotomy  of  left  ear.  This  was  followed 
by  nausea,  vomiting  and  vertigo.  On  admission  both  ears  were 
freely  discharging  a  bloody  seropus.  Total  deafness  on  both 
sides,  with  a  negative  caloric  test ;  nystagmus  to  right ;  past 
points  and  falls  to  left;  temperature  101°  with  some  headache. 
Spinal  fluid  cells  440;  Fehling's+Globulin's — . 

It  seemed  probable  that  we  were  dealing  with  an  acute 
suppurative  labyrinthitis,  with  beginning  meningitis.  The 
Neumann  labyrinth  operation  was  considered,  but  postponed 
for  three  reasons:-  1st,  the  possibility  of  cerebellar  abscess 
on  the  opposite  side,  as  suggested  by  Dr.  Dench,  who  saw  the 
patient  with  me;  2nd,  the  possibility  of  a  syphilitic  factor,  the 
patient  being  a  negro ;  3rd,  Inasmuch  as  he  was  absolutely  deaf 
in  the  right  ear,  total  loss  of  all  hope  of  hearing  on  the  left 
side  seemed  almost,  if  not  quite  as  serious  as  the  risk  he  was 
taking  without  labyrinthectomy.  The  operation  was,  therefore, 
postponed  until  the  following  day,  when  the  Wassermann 
was  found  to  be  negative,  as  was  also  the  culture  of  the  spinal 
fluid.  Another  lumbar  puncture  gave  90  cells  per  mm.  and 
his  general  condition  was  improved.  X-ray  showed  "large 
pneumatic  mastoids  on  both  sides,  which  were  cloudy  through- 
out." Double  mastoid  operation — cells  very  extensive  and 
contained  clots  and  bloody  seropus. 
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Recovery  uninterrupted.  One  month  later  spinal  fluid 
was  normal,  6  cells ;  Wassermann  negative.  He  remained  with 
total  deafness  in  both  ears  and  a  negative  caloric  when  seen 
a  year  and  a  half  later,  otherwise  well. 

The  case  is  of  interest  mainly  as  bearing  upon  the  indi- 
cations for  the  labyrinth  operation.  Had  I  done  one  on  this 
patient  I  would  have  felt  that  it  saved  his  life.  The  free  serous 
discharge  from  the  left  ear  was  at  first  believed  to  be  due  to 
meningeal  fluid  seeping  through  the  labyrinth,  which  was  con- 
ceived as  injured  during  the  myringotomy.  A  specimen  of 
this  fluid  was  collected  and  found  free  of  sugar,  which  had 
been  demonstrated  in  the  spinal  fluid.  That  he  had  a  labyrinthi- 
tis, which  resulted  in  total  loss  of  function,  is  evident,  whether 
serous  or  purulent  does  not  appear,  unless  the  presence  in  the 
spinal  fluid  of  the  440  cells  proves  a  purulent  condition.  I 
believe  this  could  have  been  caused  by  the  irritation  from  the 
inflammation  in  two  large  pneumatic  temporal  bones,  with  cells 
not  only  in  mastoid,  but,  in  all  probabiHty,  in  the  petrous  por- 
tion as  well. 

Case  n. — The  patient  was  a  young  man  of  twenty,  who 
had  a  chronic  purulent  otitis  media  of  the  left  side.  The  drum 
membrane  was  destroyed,  the  fundus  was  filled  with  granula- 
tions but  the  discharge  was  scanty.  During  the  week  before 
I  saw  him  he  had  had  vertigo,  with  nystagmus  to  the  unin- 
volved  side,  and,  for  two  or  three  days,  fever.  He  was  ad- 
mitted to  the  hospital  on  August  16th,  1921 ;  temperature  103°  ; 
headache,  stiflFness  of  the  neck ;  Kernig,  etc.  Spinal  fluid  cloudy 
under  pressure,  cells  6020;  Fehling's  —  and  Globulin's  ^. 
Culture  of  this  fluid,  reported  48  hours  later,  **A  large  number 
of  mixed  germs,  such  as  are  found  in  chronic  purulent  otitis 
media ;  no  streptococci  or  capsulatus." 

Neumann  labyrinth  operation  was  done  at  once.  As  the 
bone  was  being  removed  from  the  internal  auditory  meatus 
a  small  piece  of  dura  was  taken  by  the  gouge,  and  a  free  flow 
of  cerebrospinal  fluid  took  place.  This  continued  for  three 
A^eeks.  His  temperature  during  the  first  week  fluctuated  between 
100°  and  103°,  after  which  it  was  practically  normal. 
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His  convalescence  was  uninterrupted.  His  ear  became  dry, 
his  health  good,  and,  save  for  left  sided  deafness,  he  remains 
apparently  normal  to  the  present  time — some  year  and  a  half 
after  operation. 

In  the  after-treatment  of  this  patient  I  inserted  a  strip  of 
iodoformized  gauze  well  down  to  the  internal  auditory  meatus. 
This  was  continued  until  the  wound  was  practically  healed,  the 
object  being  to  prevent  infection  of  the  bone  or  cerebellum. 
In  two  somewhat  similar  operations  I  have  lost  the  patients 
from  infection  at  this  angle;  the  one  died  of  cerebellar  abscess 
following  bone  necrosis,  several  sequestra  being  removed  at 
the  time  of  the  evacuation  of  the  abscess.  The  other  refused 
operation,  and  an  autopsy  was  not  allowed,  but  probably  the 
patient  died  of  cerebellar  abscess.  The  wound  never  healed 
completely — always  there  remained  a  sinus  reaching  to  the 
region  of  the  internal  auditory  meatus,  at  which  point  the  probe 
encountered  bare  bone.  In  both  patients  the  operation  was  for 
meningitis,  which  was  relieved,  and,  save  for  this  infection, 
perhaps  they  mig'ht  have  survived. 

Case  III. — A  man,  twenty-seven  years  old,  came  to  my 
clinic  at  the  New  York  Eye  and  Ear  Infirmary  early  in  June 
1921,  with  a  purulent  otitis  media  on  the  left  side,  which  had 
existed  since  childhood.  There  was  free,  foul-smelling  dis- 
charge. Radical  operation  was  advised.  The  dangers  of  the 
condition  were  pointed  out  to  him,  and  he  accepted  the  propo- 
sition for  interference,  promising  to  present  himself  for  opera- 
tion three  days  later.  Before  this  time,  however,  he  was  dis- 
suaded by  his  wife,  so  I  did  not  see  him  again  until  July  1st, 
1921,  about  three  weeks  later,  when  he  came  to  the  clinic.  He 
then  had  headache,  a  temperature  of  101°,  moderate  vertigo, 
nystagmus  to  the  involved  side,  and  evidently  sick.  The  hear- 
ing was  good. 

He  was  placed  upon  the  operating  table,  and  spinal  fluid 
withdrawn.  It  was  cloudy  and  under  pressure.  Later  during 
the  progress  of  the  operation  it  was  reported  to  contain  22000 
cells,  with  a  minus  Fehling's  and  Globulins  -I-  +.  This  fluid 
under  culture  grew  streptococci  and  staphylococci.  The  mastoid 
was  completely  broken  down  from  cholesteatoma.    A  large  area 
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of  dura  in  the  middle  fossa,  and  another  in  Trautmann's  tri- 
angle had  been  exposed  by  disease.  These  areas  were  covered 
with  exuberant  granulations.  On  account  of  the  nystagmus  to 
the  involved  side,  with  evident  intracranial  involvement,  it  was 
believed  that  there  was  some  abnormal  cerebeller  condition. 
The  dura  was  therefore  incised  in  Trautmann's  triangle  and  the 
cerebellum  explored  with  a  grooved  director.  No  flow  of  pus 
or  cerebrospinal  fluid.  A  linear  incision  was  made  in  the  dura 
of  the  middle  fossa,  about  one  inch  long,  passing  through  the 
granulating  area  exposed  by  disease.  No  apparent  discharge 
of  pus  or  fluid,  and  very  slight,  if  any,  bulging  of  the  brain. 

I  regarded  the  prospect  as  hopeless,  so  I  did  not  cut  a 
meatal  flap. 

For  twenty-four  days  his  temperature  varied  between  99° 
and  102.2°,  after  which  it  remained  below  100°.  He  had 
headache,  stiflFness  of  the  neck,  positive  Kernig,  double  Babin- 
ski,  double  chocked  disc,  pains  in  his  back  and  legs,  which  at 
times  became  excruciating,  and  during  three  days  paresis  of 
the  external  rectus  on  involved  side.  During  this  time  he  did 
not  past  point,  nor,  except  for  two  days  after  the  operation,  was 
there  any  nystagmus.  The  general  plan  of  treatment  consisted 
in  repeated  lumbar  punctures.  When  his  headache,  and  pains 
in  the  back  and  legs,  became  severe,  and  his  temperature  eleva- 
ted, spinal  fluid  was  withdrawn.  In  all,  ten  lumbar  punctures 
were  made  as   follows :- 


Streptococci 

Date            Character    Cells 

Fehlings 

Globulins 

and 

Staphylococci 

1921 

July     1     Cloudy 

22,000 

— 

+  + 

Positive 

5    Clear 

540 

-1- 

+ 

•       Negative 

11     Turbid 

1,370 

— 

-1-  + 

Negative 

15     Turbid 

2,180 

— 

+  + 

Negative 

25     Clear 

360 

+ 

+ 

Negative 

Aug.    5     Clear 

180 

4- 

+ 

Negative 

12     Clear 

93 

+ 

+ 

Negative 

19     Clear 

70 

+ 

— 

Negative 

Sept.  8    Clear 

46 

+ 

— 

Negative 

He  made  a  complete  recovering,  leaving  the  hospital  after  a 
two  and  one  half  months  stay,  and  rerhains  well  to  the  pres- 
ent time — over  one  and  a  half  years  since  his  sickness. 
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Discussion. 

Dr.  Nerval  H.  Pierce,  Chicago,  said :  Does  Dr.  Perkins 
regard  the  recovery  of  viable  organisms  at  the  first  lum- 
bar puncture  as  accidental  contamination? 

Dr.  Edward  B.  Dench  said :  I  would  like  to  call  atten- 
tion to  the  therapeutic  value  of  repeated  lumbar  puncture. 
I  pointed  that  out  at  Buda  Pesth,  in  1909.  This  can  be  em- 
ployed with  therapeutic  results,  as  is  strikingly  evidenced 
in  this  case. 

Dr.  Evving  W.  Day,  New  York :  I  am  very  much  intei"- 
ested  in  the  last  case.  I  am  like  Dr.  Pierce.  I  am  a  little 
sceptical  of  the  technic  of  that  culture.  In  the  first  place 
staphylococcus  is  a  very  ordinary  contamination  unless 
great  care  is  being  used.  Often  the  operator  does  not 
change  his  gloves  after  operation. 

Dr.  Perkins :    I  make  the  puncture  first  thing. 

Dr.  Day  continued:  Some  of  these  cases  do  get  well 
with  microorganisms  in  the  spinal  fluid,  but  that  does  not 
prove  that  they  had  generalized  meningitis.  The  meningi- 
tis that  gets  below  the  tentorium  is  the  one  that  kills. 
There  may  be  protective  meningitis  and  the  organisms 
may  leak  and  not  contaminate  the  dura.  Organisms  do 
not  always  infect  the  tissue  over  which  they  pass,  we  see 
that  in  brain  abscess.  I  believe  that  general  meningitis 
with  organisms  in  the  spinal  fluid  does  not  usually  get  well. 
I  saw  one  case  during  the  recent  flu  epidemic  with  involv- 
ment  of  the  middle  ear  and  one  case  in  a  young  boy  of  six, 
who  progressed  well  until  suddenly  he  got  a  severe  chill 
with  extreme  prostration.  The  pulse  fell  to  60,  and  there 
was  vertigo  and  nystagmus,  undoubtedly  a  labyrinthine 
infection.  He  was  treated  expectantly  because  no  opera- 
tive procedure  was  indicated.  He  improved  for  a  week, 
then  there  was  a  sudden  great  increase  in  temperature, 
with  rigidity  of  the  neck,  positive  Kernig  and  Babinski  and 
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ankle  clonus  with  paralysis  of  the  external  rectus.  The 
patient  looked  very  sick  and  we  tried  to  make  lumbar 
puncture.  I  made  4  attempts  and  got  nothing  but  blood. 
I  was  laughed  at  so  I  sent  for  a  pathologist  who  was  an 
expert  at  doing  lumbar  puncture ;  he  made  five  attempts 
and  got  nothing  but  blood.  In  the  stylet  of  the  lumbar 
puncture  needle  we  got  a  little  bit  of  purulent  fluid  which 
would  not  come  out,  but  nothing  but  blood  from  the  punc- 
ture. I  wanted  to  puncture  the  cistern,  but  the  clinician 
refused.  I  did  a  simple  mastoid ;  there  was  no  pathology. 
The  boy  was  put  back  to  bed.  He  made  a  gradual  and  com- 
plete recovery  with  a  dead  labyrinth  on  that  side.  In  test- 
ing the  hearing  however  he  invariably  referred  the  256 
fork  held  before  the  good  ear  to  the  diseased  ear.  In 
one  other  case  there  were  signs  of  mastoiditis  without 
labyrinth  involvement,  but  a  pressure  of  400  using  the 
Cross  manometer.  I  gradually  lowered  the  pressure  slow- 
ly until  the  reading  showed  150.  The  brain  being  incom- 
pressable  space  for  excess  fluid  is  obtained  by  squeezing 
of  the  blood  out  of  the  vessels  therefore  pressure  should 
be  lowered  slowly  or  there  may  be  a  rupture  of  the 
capillaries.  This  child  had  a  very  stormy  career  but  was 
discharged  cured  after  4  weeks.  At  the  present  time  we 
have  a  case  of  chronic  otitis  media  in  which  there  is  an 
organism  in  the  spinal  fluid.  It  has  been  there  two  weeks. 
The  case  is  slowly  improving  after  a  typical  course  of 
meningitis,  but  I  do  not  believe  it  is  localized  and  walled 
ofT.  There  may  be  some  leaking  but  without  farther 
contamination  of  the  meninges  beyond.  We  must  recog- 
nize that  the  disease  depends  there  upon  the  character  of 
the  organism  and  upon  its  degree  of  virulence. 

Dr.  Charles  E.  Perkins  (closing)  said:  I  did  not  think 
the  last  case  was  an  ordinary  one,  nor  do  I  think  a  series 
of  three  cases  as  reported  can  be  considered  as  a  common 
occurrence.  It  is  for  this  reason  I  have  called  them  to  your 
attention.  I  have  seen  many  patients  apparently  like  those 
who  have  died.       I  cannot  believe  that  the  germs  cultivated 
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in  the  spinal  fluid  of  the  last  patient  were  a  contamination. 
He  had  such  a  well  pronounced  clinical  picture  of  menin- 
gitis that  one  would  expect  the  streptococcus  in  the  spinal 
fluid. 

The  speaker  had  treated  several  patients  with  strepto- 
coccus meningitis  during  the  last  year  or  so  in  whom  there 
was  great  improvement  clinically  (one  living  for  three 
weeks)  but  always  the  spinal  cultures  were  positive.  But 
they  all  died.  He  regarded  this  persistance  of  germs  in  the 
spinal  fluid  as  one  of  very  grave  prognostic  significance. 
On  the  other  hand  he  had  had  one  patient  in  whom  the 
germs  disappeared  from  the  spinal  fluid  and  the  cells  also 
became  very  much  less,  but  who  clinically  was  no  better. 
She  died.  As  to  "protective  meningitis"  it  seems  that  if 
the  patient  gets  well  it  was  a  protective  meningitis.  If  he 
dies,  it  was  not.     This  is  the  wlay  it  looks  to  a  clinician. 

As  to  why  the  last  patient  reported  in  the  paper  re- 
covered one  might  theorize  but  it  still  remains  a  fact  that 
the  remedial  measures  carried  out  in  this  man  are  inade- 
quate and  usually  futile.  Although  apparently  sufficient  in 
this  instance. 


TWO  CASES   OF  HERPES   ZOSTER   OTICUS   WITH 
SPECIAL  REFERENCE  TO  THEIR  ETIOLOGY. 

By  FRANCIS  P.  EMERSON,  M.  D.,  Boston,  Mass. 

In  placing  on  record  in  this  Society  the  report  of  only  two 
cases  of  herpes  zoster  oticus  the  writer  is  actuated  by  the  unus- 
ual and  outstanding  symptoms  with  the  laboratory  findings  of 
the  second  case  and  the  desire  to  learn  more  about  them  through 
a  general  discussion  by  those  members  of  large  experience. 

Case  I. 
Mrs.  B.  P.  R.  Age  48.  Widow.  American. 

P.  H. 

Was  referred  by  Dr.  D.  Oct.  11,  1922  for  pain  in  the 
throat  with  a  question  of  peritonsillar  abscess.  Duration  four 
days.  Patient  felt  weak  but  there  was  no  temperature.  History 
of  repeated  sore  throats.  The  symptoms  started  with  pain  over 
the  left  mastoid  which  gradually  extended  down  the  side 
of  the  neck.  Auricle  sore  on  moving. 
Exam,  (throat) 

L.    Posterior   pillar   and   soft   palate  to  the   median   line 
covered  with  discrete  vesicles  and  also  the  face  of  the  tonsil. 
(Ear) 

L.  pink  appearance  of  M.  T.  and  blood  vessels.     Hearing 
normal.    Three  vesicles  on  the  helix. 
Diag. 

Infectious  herpes  of  streptococcus  origin  starting  in  the 
tonsil.  Ten  days  later  on  Oct.  21,  1922,  a  tonsillectomy  was 
done. 

Examination  of  spinal  fluid  showed  a  cell  count  of  13 
(VerhoefT).  Clear,  not  under  pressure.  No  examination  of 
vesicles  was  made  as  they  had  disappeared  at  this  time  and 
were  overlooked  at  the  original  examination. 

Pathological  report — atrophic  tonsils  showing  marked 
chronic  inflammatory  reaction   (Verhoeflf). 
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Remarks. 

Patient  made  an  uneventful  recovery  but  tired  easily  on 
exertion.  The  helix  was  sensitive  to  the  touch  and  pain  ex- 
tended to  the  top  of  the  head  at  night  sufficient  to  keep  her 
awake  two  weeks  after  the  operation.  Three  small  papules 
visible  and  to  be  felt  on  palpation  over  a  linear  area  on  the 
helix  four  weeks  after  the  operation. 

Case  II. 
Mr.  E.  P.  K.  Merchant  Age  54 

P.  H. 

Referred  to  the  writer  June  15,  1922  for  dizziness  and  pain 
in  the  right  ear.  There  was  a  history  of  neuritis  in  the  left 
arm  six  years  before,  lasting  several  months.    No  other  illness. 

For  six  weeks  past,  the  right  side  of  the  head  had  not  felt 
natural  especially  on  waking  in  the  morning.  This  was  suffi- 
ciently marked  so  that  he  had  several  times  remarked  to  his 
wife  that  something  was  wrong  with  his  head.  As  this  would 
wear  off  through  the  day  he  did  not  consult  a  physician.  The 
patient  has  always  been  rugged  and  athletic.  June  13,  1922, 
while  at  a  ball  game,  the  wind  blew  strongly  on  the  right  side 
of  his  face.  That  night  he  was  dizzy  and  had  a  right  otalgia. 
He  felt  sleepy.  June  14  the  patient  consulted  his  family  physi- 
cian. June  15  he  was  referred  to  the  writer.  The  vertigo  and 
sleepy  feeling  continued. 
Exam. 

The  right  auricle  was  swollen  and  sensitive  to  palpation. 
The  sensitive  area  extended  over  the  mastoid  region.  There 
was  a  large  vesicle  at  the  canal  entrance  and  two  smaller  ones 
within  the  external  canal.  The  reflexes  were  normal.  The 
M.  T.  showed  a  ground  glass  appearance  with  no  bulging  or 
injection  of  the  capillaries.  June  16,  no  change.  The  patient 
was  not  seen  again  until  June  19  (Monday)  as  he  did  not  report 
at  the  office. 
Exam,  and  History. 

On  visit  to  his  house  the  auricle  was  found  swollen  and 
covered  with  crusts  and  there  was  a  beginning  involvement  of 
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the  7th  nerve.  The  patient  was  immediately  sent  to  the  hospi- 
tal for  observation.  During  the  three  days  that  he  remained 
at  home  the  patient  slept  most  of  the  time.  There  was  marked 
vertigo  and  vomiting.  A  stomach  specialist  was  sent  for  who 
overlooked  the  reflex  character  of  his  gastric  disturbance  and 
prescribed  for  him  without  relief.  Examination  at  the  hospital 
showed  a  complete  facial  paralysis  of  the  right  side.  Station 
unsteady.  The  patient  could  not  walk  without  support.  Vertigo 
marked.  Fluid  in  the  right  ear  with  bulging  of  the  posterior 
quadrant.  Anterior  quadrant  still  of  normal  appearance. 
Auricle  swollen  and  covered  with  crusts.  X-ray  of  sinuses 
showed  cloudiness  over  the  right  maxillary  sinus.  Right  mas- 
toid cloudy.  Specimen  of  blood  for  Wassermann  test  taken 
by  Dr.  Slack  was  negative.  Spinal  fluid  for  Wassermann  test 
was  negative.  About  15  c.  c.  taken  for  examination  was  clear, 
colorless  and  under  some  pressure  running  out  in  a  stream. 
Reaction  alkaline.  No  clot.  Cell  count  86  per  cubic  millimeter. 
Sugar  present.  Cyto-diagonsis  of  two  hundred  cells.  Lympho- 
cytes 99%  polynuclears  1%  Globulin  test:  Noguchi  positive. 
Ammonium  sulphate  test  doubtful — alcohol  test  positive.  A 
right  incision  of  the  M.  T.  showed  no  fluid  but  the  next  morn- 
ing about  two  or  three  drops  of  serum  were  found  on  wiping. 
From  the  right  tonsil  six  drops  of  frank  pus  were  ex- 
pressed.   There  was  none  on  the  opposite  side. 

Diagnosis: 

From  the  marked  tendency  to  sleep  during  the  first  week, 
the  high  cell  count  and  the  7th  nerve  involvement,  the  writer 
made  a  diagnosis  of  a  localized  encephalitis  with  herpes  of  the 
aurick  and  a  serous  labyrinthitis. 

June  28th  the  patient  was  seen  in  consultation  with  a  neu- 
rologist who  said  a  differential  diagnosis  between  encephalitis 
and  infectious  herpes  could  not  be  made.  The  patient  improved 
steadily  and  in  ten  days  he  was  able  to  walk  alone  without  diz- 
ziness. On  account  of  the  frank  pus  in  hi-,  right  tonsil  and 
the  tendency  of  an  encephalitis  to  become  chronic,  or  if  it  were 
an  infectious  herpes  that  the  tonsil  might  be  the  portal  of  entry, 
it  was  advised  that  an  immediare  tonsillectomy  be  done  and  the 
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right  antrum  drained.  This  wa^  done  on  June  28th — ^^thirteen 
days  from  the  acute  onset.  A  culture  from  the  right  tonsil  was 
put  through  a  mouse  which  died  in  thirty  six  hours.  The  pa- 
tient continued  to  gain  and  after  three  or  four  weeks*  vacation 
he  seemed  entirely  recovered.  The  facial  paralysis  had  disap- 
eared,  the  hearing  was  normal  and  there  were  no  symptoms 
except  that  when  tired  he  felt  weak. 
Remarks. 

Case  I  was  employed  and  attended  to  her  duties  as  secre- 
tary daily.  In  the  second  case  the  symptoms  strongly  suggested 
lethargic  encephalitis  and  might  be  used  to  support  the  assump- 
tion, as  has  been  claimed,  that  the  virus  of  epidemic  encephalitis 
and  infectious  herpes  are  the  same.  The  neurotropism  in  both 
cases  was  marked  and  even  in  the  fauces  the  pain  was  an 
outstanding  symptom.  With  the  findings  in  the  spinal  fluid  and 
the  evidence  of  a  central  lesion  in  the  second  case,  it  is  unfort- 
unate that  the  specific  microorganism  was  not  looked  for 
in  the  herpetic  vesicle  before  rupture. 

Discussion. 

Dr.  B.  Alex.  Randall,  Philadelphia,  said:  This  general 
subject  seems  to  me  very  important  and  interesting.  I 
have  met  a  few  cases.  Politzer  in  citing  Hermet's  case 
implied  that  he  has  no  case  of  his  own  to  report.  In  cases 
reported  it  has  been  strikingly  evidenced  that  a  terrific 
neuralgic  pain  antedates  the  eruption.  One  case  in  my  ex- 
perience occurred  in  both  husband  and  wife  and  showed 
distinct  possibility  of  infection. 

Dr.  Shambaugh  said :  Do  you  attribute  the  typical 
labyrinth  symptoms  to  changes  in  the  labyrinth,  a  laby- 
rinthitis, or  to  a  neuritis  of  the  eighth  nerve?  There  was. 
I  understand,  an  involvement  of  the  middle  ear  including 
the  mastoid  on  the  aflfected  side. 

Dr.  Francis  P.  Emerson  (closing)  said :  We  are 
rather  begging  the  question  whether  we  should  consider 
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this  as  a  case  of  circumscribed  encephalitis  or  as  one  in- 
volving the  ganglion.  The  laboratory  findings  in  the  sec- 
ond case  were  of  interest.  The  main  object  in  reporting 
these  cases  was  to  make  them  a  matter  of  record.  The 
virus  from  the  vesicles  is  supposed  to  be  a  filterable  virus 
that  may  cause  Herpes  or  Encephalitis.  This  should  be 
proven  or  disproven  by  further  experiments. 
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UNUSUAL  FORMS  OF  EXTENSION  IN  PURULENT 
OTITIS  MEDIA.  WITH  SPECIAL  REFERENCE 
TO  INVOLVEMENT  OF  CRANIAL  NERVES. 

By  HARRY  FRIEDENWALD,  M.   D.,    Baltimore,  Md. 

and 

M.   H.   BREITSTEIN,   M.   D.,  Baltimore,   Md. 

The  observation  of  two  of  our  cases  directed  our  intef- 
est  to  those  unusual  lines  of  extension  of  pus  from  the 
middle  ear  which  do  not  follow  the  beaten  tracks  well 
recognized  by  otologists.  Not  infrequently  this  pus 
chooses  for  its  extension  by-paths  and  devious  routes 
which  are  not  so  well  placarded  and  the  consequent  se- 
quellae  are  correspondingly  not  so  familiarly  labelled. 

We  will  not  consider  the  ordinary  forms  of  extension 
of  pus  from  the  middle  ear  often  complicated  by  paralysis 
of  the  cerebral  nerves.     So  we  will  omit : 

(a)  Mastoiditis,  including  the  Bezold  variety;  (b) 
Periostitis  of  the  mastoid ;  (c)  Extra  dural  abscess ;  (d) 
Sinus  thrombosis;  (e)  Meningitis;  (f)  Cerebral  abscess; 
(g)  Paralysis  of  the  facial  nerve  due  to  a  lesion  in  the 
Fallopian  canal. 

Case  I.  Our  first  case  was  S.  T.  B.,  male,  white,  age  79 
years. 

The  patient's  general  health  had  always  been  good 
and  in  spite  of  his  advanced  years  he  had  been  actively  at 
work  as  the  purchasing  agent  of  a  hospital  up  until  the 
onset  of  the  present  illness.  In  1909  he  had  pneumonia. 
.Although  there  was  no  ear  suppuration,  the  patient  thinks 
the  hearing  in  the  left  ear  became  bad  following  this  ill- 
ness. In  the  latter  part  of  December.  1921,  he  had  pain  in 
the  left  ear  following  a  "cold  in  the  head."  The  pain  in 
the  ear  subsided  but  there  remained  a  headache  which  he 
localized  in  the  vertex.  On  January  2,  1922.  he  noticed 
a  buzzing  in  the  left  ear  but  no  pain.  This  buzzing  contin- 
ued and  on  February  29t'h,  1922,  the  pain  in  his  head  be- 
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came  more  marked  and  neuralgic  in  nature.  On  March 
15th,  1922,  the  pains  became  localized  in  the  left  ear,  and 
on  that  day  the  ear  began  to  discharge  pus.  This  discharge 
varied  in  amount  but  generally  it  was  very  copious.  Syring- 
ing the  ear  seemed  to  relieve  the  pain. 

On  March  30th,  1922,  we  first  saw  the  patient.  For  the 
few  preceding  days  the  pain  in  his  ear  had  become  worse 
and  the  discharge  was  very  irregular.  The  patient  felt  so 
badly  that  it  was  necessary  to  come  to  the  office  in  a  taxi, 
though  the  distance  from  his  home  was  short. 

Examination : 

The  temperature  was  98.6°.  The  right  ear  was  of  good 
appearance.  Left  Ear :  Tenderness  was  elicited  on  pres- 
sure over  the  mastoid.  Tenderness  was  particularly  marked 
on  pressure  over  the  left  sternocleido  mastoid.  There  was 
no  swelling  over  the  mastoid  or  in  the  soft  tissue.  The 
canal  was  filled  with  pus.  This  was  not  malodorous.  The 
canal  wall  was  much  reddened.  There  was  no  sinking 
of  the  superior-posterior  portion.  There  was  a  large  per- 
foration in  the  lower  anterior  portion  of  the  drum.  The 
drum  was  congested  but  there  was  no  bulging.  Hearing 
was  greatly  diminished  particularly  for  low  notes.  Rinne 
was  negative. 

Note :     During  the  examination  the  patient  fainted. 

The  patient  was  sent  to  the  Baltimore  Eye,  Ear  and 
Throat  Hospital  that  same  day.  He  was  put  to  bed  and 
the  ear  was  irrigated  with  boric  acid  every  two  hours  with 
the  Fowler  irrigator.  The  pain  diminished  and  the  dis- 
charge became  less  abundant.  The  tenderness  over  the 
mastoid  and  the  sternocleido  mastoid  persisted,  however,  and 
the  patient  continued  to  complain  of  the  pain  in  his  head. 
He  was  discharged  from  the  hospital  on  April  12th.  Dur- 
ing this  time  from  March  30th  to  April  12th,  his  tempera- 
ture was  never  above  99°. 

On  April  16th,  1922,  the  patient  was  seen  at  the  office. 
The  pain  in  his  left  ear  had  become  more  severe,  and  as 
the  drum  perforation  was  very  small  a  paracentesis  was 
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done  under  local  anesthesia.  Thick  pus  was  obtained. 
The  patient  was  seen  every  day.  Boric  acid  irrigation  was 
prescribed  and  at  the  office  suction  and  mercurochrome 
applications  were  used.  The  patient  seemed  to  improve 
steadily  and  on  April  29,  the  drum  was  intact  and  there 
was  no  pain  in  the  ear.  However,  the  "neuralgia"  in  his 
head  persisted.  Between  May  1st,  and  May  13th,  Politz- 
erization was  done  four  times.  On  May  14th,  the  patient 
came  to  the  office  with  a  very  profuse  discharge  of  pus. 
The  ear  had  pained  him  all  night  and  was  relieved  only 
with  the  beginning  of  the  discharge  the  next  morning. 
Examination  showed  the  pus  pulsating  from  a  perforation 
in  the  lower  anterior  quadrant.  The  discharge  continued 
to  be  very  profuse.  On  May  17th,  the  tenderness  over  the 
mastoid  was  not  marked,  but  there  was  exquisite  tender- 
ness over  the  sternocleido  mastoid  below  the  tip.  There 
was  no  swelling.  As  the  discharge  continued  most  pro- 
fusely the  patient  was  readmitted  to  the  hospital  on  May 
22d,  though  he  protested  he  was  not  sick  enough  to  go. 

On  May  23d,  1922,  a  simple  mastoid  operation  was 
done  under  ether  anesthesia.  The  usual  postauricular  in- 
cision was  made.  The  cortex  was  found  to  be  intact  and 
very  thick.  The  mastoid  was  unusually  sclerotic.  A  large 
zygomatic  cell  was  soon  uncovered.  The  antrum  was 
found  by  curetting  upwards  from  another  large  cell  which 
extended  toward  the  anterior  and  internal  portion  of  the 
tip.  This  cell  was  filled  with  granulation.  It  was  in  a  very 
unusual  position,  being  exceedingly  deep  and  very  far 
forward.  So  far  as  could  be  found  its  walls  were  intact. 
No  free  pus  was  obtained  and  no  communication  with  the 
soft  tissue  was  located  through  the  cortex  . 

The  antrum  was  filled  with  granulations.  There  was 
no  exposure  of  dura.  The  sinus  was  exposed  for  about 
0.5  cm.  in  the  region  of  the  bend.  The  wound  was  only 
partially  closed  from  the  upper  angle.  On  the  night  of  the 
operation  it  was  noted  that  the  patient  was  hoarse  and  that 
he  was  troubled  with  the  accumulation  of  mucus  in  his 
throat. 
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On  May  23d,  an  examination  of  his  throat  showed  the 
uvula  pointing  to  his  right  side  and  no  movement  of  the 
left  side  of  the  soft  palate.  The  hoarseness  was  marked. 
A  view  of  the  larynx  could  not  be  obtained  by  indirect  ex- 
amination. The  tongue  was  protuded  to  the  left.  Except 
for  a  rise  of  temperature  to  102°  (rectal)  on  May  25th, 
the  temperature  never  rose  above  100°  (rectal).  The 
patient  complained  of  much  pain  in  his  head,  particularly 
in  the  left  occipital  region.  There  was  no  difficulty  or  pain 
in  the  movements  of  the  head  in  all  directions.  Repeated 
ophthalmoscopic    examination    gave    negative    results. 

On  May  29,  the  first  mastoid  dressing  was  done.  It 
was  striking  to  find  a  profuse  amount  of  pus  in  the  audi- 
tory canal  but  no  pus  in  the  mastoid  wound.  Tenderness 
could  be  elicited  on  pressure  over  the  sternocleido  mastoid, 
but  there  was  no  swelling.  The  ear  continued  to  discharge 
freely.  At  this  time  the  patient  had  several  periods  when 
he  became  irrational.  The  patient  complained  of  difficulty 
in  swallowing  and  he  was  much  annoyed  by  the  accumu- 
lation of  mucus  in  his  throat.  An  examination  of  his 
throat  showed  a  swelling  of  the  pharynx  behind  the  left 
posterior  pillar. 

On  June  1st.  this  swelling  had  become  definitely  larger 
extending  about  one  inch  up  into  the  nasopharynx  and 
downwards  into  the  laryngopharynx.  It  was  impossible 
to  see  tTie  larynx  by  indirect  examination.  The  swelling 
was  incised  and  probed  with  a  Kelly  clamp  and  about  three 
drams  of  thick  pus  were  evacuated. 

On  the  next  day  a  good  view  of  the  larynx  was  ob- 
tained and  while  the  right  cord  and  arytenoid  functioned 
well  there  was  a  complete  fixation  of  the  left  cord  and  ary- 
tenoid, with  the  cord  in  the  cadaveric  position. 

On  June  3rd.  the  profuse  discharge  from  the  auditory 
canal  had  ceased  entirely.  The  retropharyngeal  abscess 
was  kept  draining.  The  patient  improved  steadily  and 
on  June  9th,  he  was  discharged  from  the  hospital.  He  was 
seen  at  his  home  regularly  and  the  mastoid  wound  dressed. 
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On  June  26,  there  was  a  recurrence  of  the  excessive 
mucus  collection  in  the  throat  and  the  dysphagia  which  had 
improved  became  more  marked.  An  examination  of  the 
throat  s'howed  no  change  in  the  condition  of  the  paralysis 
of  his  larynx,  pharynx  or  tongue.  The  patient  had  devel- 
oped an  indurated  swelling  about  two  inches  by  four  inches 
in  the  left  posterior  cervical  triangle  along  the  posterior 
border  of  the  sternomastoid.  Applications  of  heat  were 
made.  The  retropharyngeal  swelling  had  disappeared  as 
seen  from  the  mouth.  However,  on  examination  with  the 
nasop'haryngoscope,  a  swelling  could  be  seen  just  anterior 
to  the  left  Eustachian  orifice  and  extending  upwards  about 
one  inch.  In  the  middle  of  this  swelling  there  was  a  bead 
of  pus.  A  probe  was  introduced  into  this  and  an  opening 
determined  but  extensive  probing  could  not  be  done.  The 
swelling  in  the  neck  became  steadily  smaller ;  the  mastoid 
wound  healed  very  satisfactorily.  Difficulty  in  swallowing 
continued. 

On  August  30.  distinct  movement  of  the  left  side  of 
the  palate  was  observed,  and  the  patient  said  that  his 
swallowing  was  much  more  comfortable.  The  patient  was 
last  seen  on  December  18t'h.  He  has  been  back  at  work 
since  September.  The  ear  is  entirely  well  and  there  is  no 
swelling  in  the  neck.  The  hearing  is  improved.  The 
pharyngeal  musculature  functions  well.  The  tongue  is 
protruded  to  the  left.  There  is  no  facial  involvement. 
While  there  has  heeri  a  conpensatory  improvement  in  the 
voice,  the  left  arytenoid  shows  very  slight  movement  and 
the  left  cord  is  fixed  in  the  cadaveric  position. 

The  nasopharynx  is  of  good  appearance.     There  is  no 

dysphagia  and  the  patient  had  gained  weight. 

Discussion :     The   factors   which  make   possible  this   unusual 

spread  of  pus  from  the  middle  ear  cavity  may  be 

grouped  according  to  Beck  (1)  under  four  heads, 

-as  follows : 

(1)  Loci  minores  resistentiae  which  occur  normally. 

(2)  Unusual  clefts  and  fissures  which  occur  anatomically 
or  which  have  not  closed. 
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(3)  A   breaking  down  process  of   the   surrounding  bone. 

(4)  The  lymph  drainage  of  the  middle  ear. 

I. 
We  will  consider  the  normal  loci  minores  resistentiae. 

A.  In  the  auditory  canal  there  are : 

(a)  The  fibrous  tissue  connection  between  the  bony  and 
cartilaginous  canal. 

(b)  The  Incisurae  Santorini  in  the  cartilaginous  portion. 
This  is  an  important  communication  between  the  canal  and  the 
parotid  gland. 

(c)  The  superior  posterior  canal  wall  is  separate  from  the 
adjacent  mastoid  cells  by  a  layer  of  bone  which  is  often  of  the 
thinness  of  paper, 

(d)  In  the  region  of  the  posterior  wall  where  the  tympanum 
projects  on  the  mastoid  process,  connective  tissue  bands  and 
vessels  communicate  from  the  mastoid  cells  through  small  bony 
canals  with  the  auditory  canal. 

(e)  The  parotid  gland  through  its  topographical  relations 
plays  an  important  role  in  the  spread  of  pus  from  the  middle 
ear.  The  parotid  gland  is  so  closely  attached  to  the  cartilaginous 
canal  that  it  is  separated  from  the  perichondrium  with  dififi- 
culty. 

(f)  The  tempore  maxillary  articulation,  which  is  separated 
from  the  canal  wall  by  connective  tissue. 

B.  In  the  mastoid  process : 

(a)  The  thinnest  portion  of  the  cortex  is  ;on  the  medial 
side  and  in  the  region  of  the  incisura  mastoid. 

(b)  The  cells  near  the  stylomastoid  foramen  and  the  mandi- 
bular fossa. 

II. 
The  unusual  clefts  and  fissures  are  either  anatomical 
anomalies  or  persistent  embryological  remains.  The  most 
frequent  finding  is  a  persistent  squamous  mastoid  suture. 
This  usually  closes  at  the  end  of  fetal  life  or  in  the  course 
of  the  first  year  of  life.  In  200  mastoids  Bezold  (2)  found 
four  completely  open  and  forty-one  partially  open  squa- 
mous mastoid  sutures.  In  239  mastoids  Moos  (3)  found 
three  complete  and  fifty-four  incomplete  squamous  mastoid 
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sutures.  Kirchner  (4)  in  300  skulls  of  adults  and  30  skulls 
of  children,  most  of  which  were  new  born,  found  a  bilateral 
completely  open  squamous  mastoid  suture  in  6.6  per  cent 
of  the  cases  examined. 

There  are  found  in  the  literature  isolated  cases  of 
other  fissures  in  the  mastoid. 

Hyrtl  (5)  reports  two  such  dehiscences.  Zuckerkandl 
(6)  describes  a  case  in  which  five  small  holes  in  the  exter- 
nal auditory  canal  led  into  the  mastoid  cells.  He  reports, 
too,  de'hiscences  leading  from  the  auditory  canal  into  the 
antrum  in  4  of  200  mastoids  which  he  examined.  However, 
pus  breaks  through  the  mastoid  mainly  through  (1)  a  pat- 
ency of  the  squamous  mastoid  suture.  (2)  Dehiscences  in 
the  lamina  externa.  Occasionally  a  dehiscence  in  the  floor 
of  the  antrum  occurs,  and  the  dehiscences  in  the  posterior 
wall  of  the  carotid  canal  and  in  the  tegmen  tympani  are 
reported. 

in. 

The  breaking  through  of  pus  following  the  destruction 
of  the  surrounding  bone  is  not  only  dependent  upon  the 
pus  pressure ;  the  virulence  of  the  invading  organism  is 
a  most  important  factor.* 

IV. 

The  remaining  path  of  spread  of  pus  from  the  middle 
ear  is  through  the  lymph  system.  Most  (18)  has  shown 
that  the  lymph  vessels  of  the  middle  ear  are  connected  with 
the  lymph  vessels  of  the  lateral  pharyngeal  wall  through 

•     In    his    experiments   on    guinea    pigs,    Haymann    (7)    found    the    fol- 
lowing: 

In  11  bones  infected  with  streptococcus  pyogenes  bone  destruction 
occurred   5   times. 

In  12  bones  infected  with  staphylocococcus  bone  destruction  occurred 
occurred  8  times. 

In  12  bones  infected  with  staphylocococcus  bone  destruction  occurred 
2  times. 

In  6  bones  infected  with  pneumoccoccus  bone  destruction  oc- 
curred 9  times. 

In  11  bones  infected  with  diphtheria  bacillus  bone  destruction  oc- 
curred 5   times. 

In  10  bones  infected  with  pyocyaneus  bone  destruction  occurred 
8  times. 

In  4  bones  Infected  with  typhoid  bacillus  bone  destruction  occurred 
1  time. 

In   2   bones    infected    with    gonoccoccua    bone   destruction   occurred    0 
times. 

Of  these  cases  the  bone  destruction  led  to  an  extension  of  th« 
abscess    16   times. 
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the  lymph  capillaries  of  the  Eustachian  tube.  There  is  a 
continuous  capillary  network  which  stretches  from  the 
pinna  and  external  auditory  canal  through  the  drum,  mid- 
dle ear,  antrum  and  Eustachian  tube  to  the  pharynx. 

There  are  two  possible  ways  for  lymph  drainage  to  oc- 
cur in  otitis  media : 

a.  Through  the  drum  to  the  lymphatics  of  the  external 
ear,  b.  to  the  Eustachian  tube,  i.  e.  to  the  lateral  retro- 
pharyngeal glands,  which  are  the  regional  glands  of  the 
Eustachian  tube.  According  to  Most  (18)  the  first  method 
is  more  usual  in  adults  while  the  second  occurs  more  fre- 
quently in  children. 

Now  that  we  have  considered  the  paths  by  which  an 
abscess  can  spread  from  the  middle  ear,  let  us  investigate 
the  paths  along  which  the  pus  can  travel  after  leaving  the 
temporal  bone. 

Bezold  (8)  injected  colored  gelatin  in  his  experiments 
and  found  that  the  gelatin  spread  from  the  insertion  of  the 
sternocleido  mastoid  first  anteriorly  along  the  belly  of  the 
digastric,  filling  the  retromaxillary  region  and  then  back- 
wards into  the  neck.  Here  the  gelatin  pressed  into  the 
interstices  of  the  neck  muscles  and  assembled  in  three 
places : 

(1)  Between    the    trapezius    muscle    and    the    splenius 
muscle. 

(2)  Between  the  splenius  and  the  complexus  magnus. 

(3)  Between    the   latter   and   the    small    intervertebral 
muscles  to  the  level  of  the  2nd  thoracic  vertebra. 

Englehardt  (9)  saw  a  case  with  a  spread  of  pus  as  out- 
lined above,  in  which,  however,  the  abscess  had  its  origin 
in  a  chronic  inflammatory  disease  of  the  base  of  the  skull 
and  particularly  the  superior  cervical  vertebra.  If  the  pus 
has  reached  the  incisura  digastrica  then  it  spreads,  first 
anteriorly  into  the  retromaxillary  fossa  and  toward  the 
chin,  then  posteriorly  along  the  occipital  artery  which  runs 
along  the  inner  side  of  the  digastric  muscle.  The  mastoid 
abscesses  which  break  through  the  inner  side  according 
to  Bezold  (8),  show  no  tendency  to  spread  in  the  retro- 
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visceral  regions.  Bezold  (8)  explains  this  by  the  relations 
of  the  digastric  muscles  to  the  deep  cervical  fascia. 

A  very  frequent  place  of  rupture  is  the  anterior  exter- 
nal surface  of  the  mastoid  process.  In  these  cases  the  pus 
spreads  either  in  the  sheath  of  the  sternocleido  mastoid  or 
further  in  the  vessel  sheath  and  makes  its  appearance 
above  the  clavicle  or  rarely  in  the  axillary  fossa. 

Occasionally  there  is  observed  a  discharge  of  pus  above 
the  crista  temporalis  from  the  cortical  cells  of  tthe  tempo- 
ral bone.  However,  the  spread  of  these  abscesses  does 
not  offer  any  differential  diagnostic  difficulties.* 

Of  the  vessels  along  which  pus  may  spread  the  inter- 
nal jugular  vein  and  the  mastoid  emissary  are  especially  to 
be  considered.  The  pus  gets  into  these  tracts  either  di- 
rectly after  breaking  through  the  mastoid,  auditory  canal 
or  antrum  or  indirectly  after  passing  through  the  middle 
or  posterior  fossa  of  the  skull.  Kessel  (11)  cites  a  case  in 
which  an  otogenic  extradural  abscess  travelled  out  from 
the  cerebellum  to  the  anterior  border  of  the  foramen  mag- 
num and  then  formed  a  retropharyngeal  abscess. 

•     To  understand  the  spread  of  otogenic  abscesses  into  the  neck  it  is 
convenient  to  divide  the  neck  into  four  regions  as  follows: 

1.  Retro-visceral    space     (unilateral) 

2.  Pre-visceral  space   (unilateral) 

3.  Vessel  space  (bilateral) 

4     Inter-muscular   space    (bilateral) 

Retro-visceral  Space.  The  retro-visceral  space  lies  between 
the  pharynx  and  esophagus  anteriorly  and  the  cervical  vertebrae  poste- 
riorly. It  is  filled  with  loose  connective  tissue.  At  the  level  of  the  cri- 
coid it  is  circular  so  that  it  surrounds  the  esophagus.  Inferiorly  the 
retro-visceral  space  is  continued  into  the  posterior  mediastinum.  At  the 
aortic  arch  the  retro  and  the  pre-visceral  spaces  as  well  as  the  vessel  space 
all  communicate  with  the  thoracic  cavity  and  they  are  connected 
R-ith  one  another.  They  communicate  also  with  the  subcutaneous  con- 
nective tissues.  In  the  region  between  the  pleural  apices  the  three 
spaces  are  only  slightly  separated.  However,  the  pericardium  separates 
them  again  anteriorly  and  posteriorly. 

The  inter-muscular  space  is  in  relation  superiorly  with  the  connect- 
ive tissues  between  the  sternocleido  mastoid  and  the  trapezius  over  the 
clavicle,  and  inferiorly  with  the  inter-muscular  tissue  of  the  axillary 
fossa.  In  important  relation  to  this  space  is  the  deep  layer  of  cervical 
fascia  between  the  omohyoid,  sternohyoid,  and  clavicle.  This  fascia 
t-eaches  only  to  the  binding  tendon  of  the  omohyoid,  so  that  there  is  free 
communication  between  the  intermuscular  space  and  the  vessel  space 
at  this  point.  The  direction  of  burrowing  from  the  intermuscular  space 
then   follows: 

(1)  Toward  the  superflcal  tissue  in  the  space  between  the  sternocleido 

mastoid  and  trapezius.  From  here  it  extends  under  the  platysma 
over  the  scapula  to  the  chest. 

(2)  Superiorly   around    the    tendons    of   the    omohyoid    into    the    vessel 

space. 

(3)  Inferiorly  around   the  same  tendons  to   the  scalenus  muscle   over 

the  subclavian  veins  into  the  axillary  fossa. 
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Concerning-  the  formation  of  a  retropharyngeal  abscess 
as  the  extension  of  purulent  otitis  media  Bezold  (8)  and 
others  state  that  it  can  only  result  from  an  acute  otitis 
media,* 

Schwartz  and  Hartman  (10)  say  that  the  new  bone 
formation  is  so  intensive  in  chronic  otitis  media  that  event- 
ually all  of  the  bone  cells  are  filled  in  and  the  diploe  of  the 
mastoid  at  the  tip  and  the  inner  wall  is  so  thickened  that 
it  is  very  rare  for  pus  to  break  through.  As  we  have  said 
above  it  is  possible  for  the  pus  to  go  through  a  dehiscence 
in  the  tegmen  tympani  and  upwards  into  the  middle  or 
posterior  fossa.  From  the  middle  fossa  it  may  go  down- 
wards through  the  foramen  ovale,  foramen  rotundum,  or 
the  posterior  lacerated  foramen.  From  the  posterior  fossa 
the  pus  can  go  through  the  foramen  magnum  or  through 
the  jugular  foramen  and  then  spread  posteriorly  to  the 
attachments  of  the  short,  deep  neck  muscles.  Anteriorly 
it  spreads  to  the  anterior  side  of  the  vertebra  up  to  the 
level  of  the  esophagus,  where  the  pharyngeal  space  is  very 
narrow.  In  this  manner  the  nerves  running  into  the  jugu- 
lar foramen  can  be  injured  so  that  paralysis  occurs. 

Kessel  (11)  describes  a  case  in  which  complete  tongue 
paralysis,  difficult  breathing,  aphasia  and  rapid  rise  of 
pulse  were  observed. 

The  indirect  method  of  spread  of  the  otogenic  abscess 
through  the  skull  to  the  retropharyngeal  region  is  rare ; 
the  direct  route  is  much  more  frequent.  The  pus  can  bur- 
row through  the  floor  of  the  antrum  particularly  the  inte- 
rior canal  wall,  rupture  into  the  mandibular  joint  and 
spread  into  the  deeper  tissue.  On  the  other  'hand  it  may 
reach  the  posterior  fossa  and  from  there  spread  inferiorly. 
The  path  along  which  the  pus  spreads  may  be  partly  per- 
formed i.  e.  by  vessel  routes  or  may  be  due  to  bone  destruc- 
tion.    The    occipitomastoid    suture    is    a    favorite    rupture 

*     other    causes    of   retropharyngeal    abscess    are: 

(1)  Injury  to   the  pharynx  or   esophagus   with   primary   or  secondary 

infection. 

(2)  Caries   of   the   cervical  vertebrae. 

(3)  Abscess    of    the    retropharyngeal    lymph    glands    which    drain    the 

pharynx  and  palate. 
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point  particularly  when  the  mastoid  cells  reach  to  the 
suture    and  into  the  occiput. 

When  the  Eustachian  tube  is  closed  a  rupture  through 
to  the  soft  tissues  of  the  neck  can  occur. 

According-  to  Haug  (12)  there  is  a  pressure  of  pus  into 
the  peritubal  tissue  and  he  believes  in  this  manner  the 
semi-canalis  tensoris  tympani  becomes  a  conductor  of  the 
pus  from  the  middle  ear  to  the  pharynx.  Under  such  cir- 
cumstances it  is  possible  to  have  the  formation  of  a  retro- 
pharyngeal abscess  w^ithout  any  pus  in  the  mastoid.  . 

Blau  (13)  reports  such  a  case.  However,  Muck  (14). 
Klug  (1)  and  others  have  shown  that  a  direct  breaking 
through  of  an  osteomyelitic  or  tuberculous  focus  of  the 
diseased  temporal  bone  into  the  pharynx  is  possible. 

Muck  (14)  describes  a  case  in  which  five  weeks  after 
the  beginning  of  an  -acute  purulent  otitis  media  there  oc- 
curred a  mastoiditis  and  then  osteomyelitis  of  the  spongy 
bone  in  the  region  of  the  labyrinth  and  in  the  petrous  por- 
tion of  tlie  temporal  bone.  This  finally  led  to  a  formation 
of  an  extra-dural  abscess  and  to  direct  rupture  into  the 
pharynx  with  the  formation  of  a  retropharyngeal  abscess. 
Perisinus  abscesses  particularly  the  peribulbar  variety 
spread  horizontally  under  the  base  of  the  skull  and  fre- 
quently break  through  into  the  retropharyngeal  space. 
(Jansen  in  Blau's  Enzyklopadie  der  Ohrenheilkunde)." 
Jansen  says  also  that  occasionally  a  wide  spread  gangrene 
of  the  jugular  wall  following  bulbar  thrombosis  forms  great 
foci  of  pus  which  press  forward  to  form  a  retropharyngeal 
abscess. 

A.  Haug  (12)  describes  a  case  in  which  a  Bezold  mas- 
toiditis wandered  from  its  usual  course  to  form  a  retro- 
pharyngeal abscess.  The  case  was  that  of  an  acute  puru- 
lent otitis  media  in  a  17  year  old  boy.  The  pus  had  an  out- 
let under  the  mastoid  with  wide-spread  infiltration  far  into 
the  occipital  region.  At  operation  a  large  pus  pocket  was 
found  extending  inferiorly  and  posteriorly  from  the  tip 
of  the  mastoid.  A  second  incision  was  made  in  the  direc- 
tion of  the  sternocleido  mastoid  and  drainage   for  the  deep 
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lying  abscess  established.  It  was  found  also  that  the  pus 
had  broken  through  medially  and  inferiorly  from  the  an- 
trum into  the  peritubal  tissue  and  spread  to  the  levator  veli 
(which  is  partly  bound  to  the  tube)  so  that  the  palate,  ton- 
sils and  pharynx  formed  a  swelling  larger  than  an  egg. 
By  pharyngeal  incision  a  teaspoonful  of  thick  pus  was 
obtained.  Then  only  did  the  general  improvement  take 
place,  Haug  was  able  to  culture  pure  pneumo-bacillus 
from  both  the  retropharyngeal  abscess  and  from  the  mas- 
toid ;  thus  showing  a  definite  relationship. 

Schultze  (15)  reports  the  case  of  sinus  thrombosis 
which  led  to  the  formation  of  an  abscess  in  the  deep  fas- 
cia between  the  occiput  and  the  first  cervical  vertebra. 

Deutschlander  (16)  reports  a  case  of  chronic  middle 
ear  suppuration  with  extradural  abscess  in  which  the  ab- 
scess extended  to  the  atlanto-occipital  joint. 

Leutert  (17)  in  1896  reported  from  the  Halle  Clinic  a 
case  of  brain  abscess  in  the  occipital  lobe,  sinus  thrombo- 
sis and  wide  spread  extradural  suppuration  which  caused 
a  carious  disease  of  the  vertebrae. 

Because  of  the  similarity  of  the  localization  of  the  oto- 
genic retropharyngeal  abscess  and  the  abscess  arising  from 
suboccipital  inflammations  a  confusion  of  the  diagnosis  of 
the  two  processes  is  not  rare.  It  is  important  then  to  em- 
phasize the  differentiating  features.  In  an  otogenic  ab- 
scess the  pharyngeal  swelling  usually  remains  unilateral  as 
a  boundary  is  set  by  the  ligamentum  nuchae,  only  rarely 
in  deep  suppurations  under  the  periosteum  is  the  midline 
overreached.  In  the  suboccipital  suppurations  the  pharyn- 
geal swelling  is  usually  bilateral  with  involvement  of  the 
atlanto-occipital  joint.  In  involvement  of  the  atlanto-oc- 
cipital joint  the  head  is  usually  bent  forward  so  as  to  spare 
the  joint.  In  unilateral  involvement  usually  the  head  is 
bent  to  the  one  side  or  the  other.  In  the  severer  cases  of 
retropharyngeal  abscesses  the  head  is  bent  forward  to  free 
the  laryngeal  passage  and  facilitate  breathing.  The  pain 
in  suboccipital  inflammations  is  usually  in  the  back  of  the 
head  and  then  spreads  into  the  skull. 
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It  is  important  to  keep  both  conditions  in  mind  as  an 
infection  of  the  base  of  the  skull  can  cause  ear  suppuration 
and  an  otogenic  retropharyngeal  abscess  can  cause  suboc- 
cipital inflammation.  Such  cases  have  been  reported  by 
Greenwood  (19)  Englehart  (9)  and  Leutert  (17). 

Prognosis:  If  diagnosed  and  treated  sufficiently  early, 
and  if  the  ear  disease  per  se  does  not  have  an  unfavorable 
complication,  the  prognosis  of  an  otogenic  burrowing  ab- 
scess is  decidedly  favorable. 

Case  II 

The  second  case  was  that  of  a  young  man  who  had 
been  operated  on  for  a  streptococcic  mastoiditis  on  April 
17th,  1922.  At  the  operation  Dr.  Perkins  of  Winston-Salem 
by  whom  the  case  was  referred  to  us.  reported  "there  w^as 
a  considerable  necrosis  of  the  mastoid  cells,  but  nothing 
out  of  the  ordinary."  As  the  patient  ran  temperature  for 
10  days  after  the  operation,  his  doctor  cleaned  out  the 
wound,  finding  only  excessive  granulations.  The  discharge 
from  the  external  auditory  canal  continued  to  be  very 
profuse  and  there  developed  in  May  sensitiveness  to  light 
in  the  left  eye,  some  pain  in  the  left  eye  and  diplopia. 
The  wound  was  again  cleaned  out  and  Dr.  Perkins  wrote 
he  was  positive  all  diseased  cells  were  thoroughly  cleaned. 
After  this  last  operative  procedure  there  was  considerable 
labyrinth  irritation,  but  this  cleared  up.  We  first  saw  the 
patient  on  June  21,  1922,  (2  months  after  operation).  He 
complained  of  severe  headache,  which  he  localized  in  the 
left  temporoparietal  region.  He  had  a  paralysis  of  the 
left  external  rectus.  The  eyegrounds  were  normal ;  there 
were  no.  indications  of  congestion.  There  was  a  moderate 
discharge  of  pus  from  the  left  external  auditory  canal  and 
a  small  mass  of  granulations  could  be  seen  in  the  anterior 
superior  quadrant.  He  had  no  rise  of  temperature.  The 
patient  was  referred  back  to  his  physician  and  irrigation, 
suction,  and  instillation  of  alchohol  advised.  The  patient 
ran  an  irregular  course  of  recovery.  The  temperature 
never  rose  above  101°,  but  there  were  recurring  attacks  of 
headache.     By  September,  however,  the  mastoid  was  en- 
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tirely  healed,  the  ear  was  dry  and  the  diplopia  and  head- 
ache had  entirely  disappeared. 

In  1904  Gradenigo  (20)  on  the  basis  of  6  cases  of  his 
own,  and  on  the  report  of  15  others,  introduced  a  symptom 
complex  which  occurred  in  the  course  of  an  acute  otitis 
media  with  and  without  perforation  of  the  drum.  This 
complex  consisted  of  diplopia  due  to  homolateral  abducens 
paralyses  and  intense  pain  in  the  temporoparietal  region 
of  the  affected  side.  Often,  however,  it  was  complicated 
by  meningitic  manifestations.  The  outcome  of  these  cases 
were  2  deaths  due  to  suppurative  meningitis  and  19  re- 
coveries. The  recoveries  were  for  the  most  part  sponta- 
neous, but  occurred  only  after  several  weeks  or  months. 
Gradenigo  (21)  then  thought  the  abducens  paralysis  was 
due  to  a  basal'meningitis,  either  serous  or  purulent. 

In  1908  Gradenigo  (25)  adds  that  in  exceptional  cases 
it  may  occur  in  the  acute  exacerbations  of  chronic  purulent 
otitis  media.  In  about  half  the  cases  accessory  symptoms 
are  present  due  to  irritation  of  the  Trigeminus  and  the 
oculo-motor  or  to  irritation  of  the  dura.  In  this  publication 
he  gives  the  following  explanation  of  the  pathological 
process.  This  consists,  of  the  spreading  of  a  purulent  in- 
fection of  the  antrum  to  the  tip  of  the  petrous  bone  by  way 
of  the  peritubal  pneumatic  spaces  and  the  carotid  canal. 
The  abducens  is  involved  at  the  tip  of  the  pyramid  immedi- 
ately after  its  exit  from  the  dura  mater  and  is  due  to  an 
osteitis  and  pachymeningitis  limited  to  the  tip  of  the  pe- 
trous bone.  The  extra-dural  localization  of  the  disease 
accounts  for  the  usual  favorable  course..  Gradenigo  says, 
however,  that  all  of  the  abducens  paralyses  which  occur  in 
the  course  of  an  acute  otitis  media  are  not  to  be  explained 
in  this  manner.  Another  frequent  cause  is  an  extra-dural 
abscess  on  the  superior  border  of  the  petrous  bone  which 
spreads  toward  the  tip  of  the  bone  causing  diffuse  osteo- 
myelitic  changes. 

After  Gradenigo  had  called  attention  to  this  symptom 
complex,  many  observers  reported  similar  findings  and 
soon  it  became  evident  that  the  Gradenigo  syndrome  was 
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not  as  rare  as  originally  supposed.  There  arose,  however, 
a  great  diversity  of  opinion  as  to  the  explanation  of  the 
pathology  and  lately  it  has  been  denied  that  the  Gradenij^o 
complex  has  any  claims  as  a  clinical  entity.  Herbert  Vogel 
(27)*  has  reviewed  in  a  very  thorough  manner,  the  liter- 
ature up  to  August  1921.  129  cases  have  been  reported  and 
abducens  paralyses  have  been  advanced : 

(1)  Osteitis  of  the  tip  of  the  petrous  process. 

(2)  Circumscribed  meningitis,  about  the  tip  of  the  pet- 

rous bone. 

(3)  Diffuse  meningitis. 

(4)  Tonic  or  inflammatory  neuritis. 

(5)  ODmpression. 

Five  autopsy  reports  of  these  cases  are  given.  In  the 
majority  of  the  cases  no  alteration  in  the  tip  of  the  petrous 
bone  was  found.  On  the  other  hand,  there  are  a  great 
number  of  cases  reported  in  which  deep  lying  abscesses 
on  the  petrous  tip  of  disease  of  this  portion  of  the  bone 
were  found,  and  yet  in  the  clinical  picture  there  was  no 
abducens  paralysis.  In  addition  the  operation  reports  of 
these  cases  do  not  support  Gradenigo's  viewpoint.  Most 
of  the  operated  cases  show  (1)  pus  in  the  mastoid  cells, 
(2)  extra-dural  abscesses,  (3)  sinus  thrombosis,  (4)  choles- 
teatoma, (5)  labyrinth  disease. 

Vogel  concludes  that  the  Gradenigo  syndrome  is  to  be 
struck  from  the  nomenclature  as  a  clinical  entity.  There 
is  no  proof  that  the  etiology  of  the  complex  lies  in  disease 
of  the  tip  of  the  petrous  bone.  He  believes  that  the  oto- 
genic abducens  paralysis  is  in  the  majority  of  instances,  a 
sign  of  a  mild  meningitis.  It  is  not  to  be  regarded  per  se, 
as  an  indication  for  operative  attack  of  the  petrous  tip. 

More  recently  Knick  of  Leipzig  (28)  has  reported  6 
cases  of  abducens  paralysis  occuring  in  acute  otitis  media, 
with  and  without  mastoiditis.  Only  in  one  of  these  cases 
could  the  author  find  serous  meningitis  as  determined  by 
careful  examination  of  the  spinal  fluid. 

•    An  extensive  bibliogrraphy  is  to  be  found  in  tills  publication. 
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In  this  case  the  spinal  fluid  was  under  increased  press- 
ure and  contained  an  increased  amount  of  albumin  and  a 
sligfhtly  greater  number  of  cells.  This  case  is  apparently 
similar  to  those  of  Cushing's  which  we  will  mention  later. 
It  is  to  be  noted  that  it  was  in  this  case  only  that  choked 
disc  was  found.  Knick  contends  that  the  menigitic  origin  of 
the  6th  nerve  paralysis  can  not  be  demonstrated  for  the 
great  majority  of  the  cases,  and  moreover  the  hypothesis 
of  an  extra-dural  injury  of  the  nerve  by  inflammatory  dis- 
ease at  the  tip  of  the  petrous  bone  becomes  improbable. 
The  negative  spinal  fluid  findings  and  the  absence  of  men- 
ingitic  symptoms  warrant  the  assumption  of  an  extra-dural 
toxic,  infectious  injury,  probably  from  the  perilabyrin- 
thian  cells  in  the  tip  of  the  pyramid.  Knick  says  if  the 
abducens  paralysis  occurs  in  the  late  stage  of  mastoiditis 
or  several  weeks  after  mastoiditis  or  several  weeks  after 
mastoidectomy  then  it  is  possible  that  the  6th  nerve  paraly- 
sis is  an  indication  of  a  serious  bone  disease  originating 
in  the  deep  lying  perilabyrinthian  cells.  In  6th  nerve  palsy, 
operation  is  indicated  only  when  there  is  a  mastoiditis  or 
signs  of  a  beginning  meningitis  with  positive  spinal  fluid 
findings.  In  a  discussion  of  this  paper  Vogel  (28)  again 
maintains  that  the  majority  of  the  cases  of  otogenic  6th 
nerve  paralysis  are  to  be  regarded  as  mild  meningitis.  This 
view  is  strengthened  by  the  cases  of  bilateral  and  contra- 
lateral paralyses.  Ten  to  fifteen  such  cases  have  been  re- 
ported in  the  literature. 

Harvey  Gushing  (29)  attributes  the  Gradenigo  6th 
nerve  paralysis  to  a  cerebral  edema.  In  the  several  cases 
he  saw,  (number  not  given),  all  of  the  patients  showed 
headache,  vomiting  and  a  low  grade  of  choked  disc.  Gush- 
ing says  these  edemas  are  presumably  akin  to  the  meningi- 
tis serosa  of  Quincke.  In  most  of  his  cases  a  lumbar  punc- 
ture or  a  subtemporal  decompression  not  only  relieved 
the  pressure  symptoms  but  led  to  a  rapid  subsidence  of  the 
diplopia.  The  spinal  fluid  in  all  these  cases  was  sterile. 
"It  is  not  improbable,  therefore,"  says  Gushing,  "that  dis- 
turbances   of    this    kind    may    be    ascribed  to    some    swelling 
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and  edema  of  the  brain  space  which  had  brought  about  the 
same  constricting  effect  on  the  part  of  the  cerebellar  arter- 
ies that  we  have  described  as  existing  in  cases  of  brain 
tumor."  Gushing  advances  the  viewpoint  that  the  occur- 
rence of  internal  squint  in  cases  of  brain  tumor  may  be 
due  to  strangulation  of  the  nerve  by  transverse  branches 
of  the  basilar  artery.  This  view  is  supported  by  his  find- 
ings: 

(1)  That  the  arteries,  contrary  to  the  usual  anatomical 
description,  generally  overlie  the  nerves.  (2)  That  in 
a  series  of  brain  tumor  cases,  the  vessels  which  normally 
encircle  the  brain  stem  often  produce  a  more  .or  less  deep 
grooving  of  the  nervous  tissues.  (3)  That  the  abducens 
in  many  of  these  cases  is  deeply  constricted,  and  (4)  that 
a  large  percentage  of  the  clinical  histories  of  cases  which 
show  post-mortem  a  positive  grooving  with  accompany- 
ing implication  of  the  nerves,  record  either  subjective  di- 
plopia or  the  actual  presence  of  a  convergent  squint. ob- 
served during  life. 

We  are  convinced  that  a  variety  of  cases  is  included 
under  the  terms  Gradenigo  complex  by  different  writers. 
Cushing's  explanation  for  the  class  of  cases  he  describes 
abducens  paralysis',  a  large  number  of  cases  are  reported 
by  others  without  choked  disc.  Gradenigo,  himself,  does 
not  mention  choked  disc.  We  are  quite  ready  to  accept 
Cushing's  explanation  for  the  class  of  cases  he  describes 
and  which,  as  we  shall  point  out  later,  in  discussing  choked 
disc,  are  due  to  intracranial  edema  or  serous  meningitis. 
For  other  cases  without  any  signs  of  intracranial  edema, 
Knick's  studies  make  the  theory  of  meningitis  highly  im- 
probable.   We  will  not  venture  an  explanation. 

The  form  of  abducens  complication  described  by  Grad- 
enigo does  not  include  all  forms  of  abducens  involvement. 
Wildbrand  and  Saenger  (30)  have  collected  all  the  cases 
published  up  to  1921  of  bilateral  abducens  paralysis,  of 
abducens  paralysis  on  the  opposite  side  and  of  abducens 
paralysis  following  otitis  externa.  Wildbrand  and  Saenger 
also  refer  to  cases  of  oculo  motor  paralysis  total  or  more 
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generally    partial,    cases    of    isolated    ptosis,    and    others    of 
mydriasis,  all  associated  with  otitis  media, 

Mollison  (31)  has  described  two  children  with  3rd 
nerve  involvement ;  one  with  acute  otitis  media,  the  other 
with  chronic  otitis  media.  In  both  of  these  cases  recovery 
followed  in  about  six  weeks  after  free  opening  of  the  mastoid. 

Aboulker  (40)  has  reported  a  case  of  otitis  media  and 
mastoiditis  accompanied  by  paralysis  of  the  6,  9,  and  12 
nerves.  There  was  no  evidence  of  any  meningeal  invasion 
or  intracranial  abscess.  Aboulker  calls  it  the  apexo-con- 
dylo-laceratum  complex. 

The  optic  nerve  does  not  commonly  show  changes  in 
cases  of  intracranial  involvement  from  otitis  media.  This 
is  the  view  generally  held  and  is  in  accord  with  our  expe- 
rience ;  but  opposing  views  have  been  expressed  by  emi- 
ment  writers.  The  subject  is  discussed  in  detail  by  Wild- 
brand  and  Saenger.  * 

.  Koerner  (34)  found  choked  disc  orice  and  optic  neu- 
ritis twice  in  21  cases  of  uncomplicated  intracranial  affec- 
tion (extradural  abscess) ;  but  he  found  one  case  of  choked 
disc  and  five  of  optic  neuritis  in  13  cases  of  complicated 
intracranial  involvement.  The  conclusion  is  that  changes 
in  the  nervehead  in  otogenic  purulent  inflammation  within 
the  cerebral  cavity  are  much  more  frequently  absent  than 
present,  but  combinations  of  intracranial  afifections  pro- 
duce trouble  more  frequently  than  uncomplicated.  The 
optic  nerve  involvement  is  always  binocular. 

Bezold  (35)  reported  that  23  per  cent,  of  cases  of  acute 
otitis  media  100  cases)  showed  changes  in  the  optic  nerves. 

Neuman  (36)  on  the  other  hand,  states  that  optic 
nerve  changes  are  frequently  associated  with  intracranial 
complications  and  Zaufal  maintains  that  they  are  always 
present.  To  the  writer  their  statements  appear  greatly 
exaggerated. 

•     Sessions   (33)  reported: 

31   cases   of  extradural  abscess  with   normal   eye^ounds. 

In  13  cases  of  purulent  leptomeningitis  there  were  4   cases   of  optic 

nerve  involvement. 
In  21  cases  of  sinus  thrombosis,   10  showed  optic  nerve  involvement. 
In  25  cases  of  cerfebral  abscess,    13   showed   normal   eyegrounds   and 
12  showed  optic  nerve  changes. 
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There  has  been  much  confusion  concerning  the  kind 
of  optic  nerve  affection  found  by  reason  of  the  varied  use 
of  the  term  "optic  neuritis."  The  term  is  frequently  used 
to  signify  a  mild  congestion  of  the  optic  disc,  sometimes 
the  early  stage  of  a  choked  disc.  It  is  not  possible,  there- 
fore, to  give  accurately  the  relative  frequency  of  descend- 
ing optic  neuritis  and  of  choked  disc  (papilloedema).  Han- 
sen (37)  figures  for  100  cases  are  23  per  cent  optic  neuri- 
tis and  3  per  cent,  choked  disc. 

The  clinical  significance  of  optic  nerve  changes  is  va- 
riously interpreted.  Hansen  (37)  believes  that  they  always 
point  to  intracranial  involvement,  while  Koerner  (34)  and 
Jansen  oppose  this  view,  the  latter  maintaining  that  choked 
disc  may  occur  in  uncomplicated  empyema  of  the  mastoid 
cells. 

There  were  reported  in  a  paper  read  before  this  So- 
ciety in  1915  by  Friedenwald  and  Downey  (38)  two  cases 
of  choked  disc  following  mastoid  operation  in  which  the 
lateral  sinus  was  opened.  In  the  first  case  there  were  no 
signs  of  lateral  sinus  thrombosis  before  the  operation.  A 
profuse  hemorrhage  followed  injury  of  the  exposed  lateral 
sinus  wall,  which  was  covered  with  granulations.  On  the 
fifth  day  after  this  operation  choked  disc  developed  asso- 
ciated with  abducens  paralysis.  It  was  allowed  to  run 
its  course  resulting  in  permanent  reduction  of  vision  in  the 
right  eye  to  16/30,  in  the  left  to  10/100;  the  otitis  was  on 
the  left  side.* 

In  the  second  case  an  operation  was  performed  for 
acute  mastoiditis  on  the  right  side ;  six  days  later  the  inter- 
nal jugular  was  tied  and  the  lateral  sinus  opened.  Six 
days  afterward  beginning  choked  disc  was  noted  which 
increased  rapidly,  more  marked  on  the  side  of  the  affected 
ear.     Fifteen  days  later  a  right  subtemporal  decompress- 

•  It  is  of  interest  to  state  that  Wildebrand  and  Saenger  regard  out- 
spoken post-operative  choked  disc  associated  with  sinus  thrombosis  as 
giving  a  good  prognosis  both  as  to  general  recovery  and  as  to  sight.  We 
cannot  confirm  the  statement  as  to  sight  which  may  be  greatly  and  per- 
manently injured. 
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loti  was  performed  with  complete  recovery  of  vision,  which 
had  been  markedly  reduced.  * 

Auerbach  and  Alexander  "offer  a  mechanical  explana- 
tion of  choked  disc as  the  result  of  interference  with 

the  venous  outflow."  "There  is  a  damming  up  of  the  blood 
and  consequent  edema  of  brain,  increase  of  intracranial 
pressure   and   its   resulting  symptoms."** 

The  writers  are  convinced  of  the  correctness  of  this 
explanation  of  increase  of  intracranial  pressure  due  to 
venus  engorgement  and  the  resulting  cerebral  and  menin- 
geal edema,  (which  should  not  be  termed  serous  menin- 
gitis). 

Summary :  Two  cases  of  otitis  media  have  been  presented. 
In  the  first  case  there  was  an  extension  of  pus  from  the 
middle  ear  to  the  retropharyngeal  region  with  involvement 
of  a  number  of  cranial  nerves.  In  the  second  case  paralysis 
of  the  homolateral  abducens  occurred  following  mastoidi- 
tis. 

In  the  first  case  we  have  to  account  for: 

1.  Paralysis  of  the  left  palatine  arch. 

2.  Paralysis  of  the  left  side  of  the  tongue. 

3.  Paralysis  of  the  left  vocal  cord  and  arytenoid. 
As  there  was  no  pus  in  the  mastoid  or  antrum  we  can 

dismiss  them  from  the  consideration  of  the  pus  extension. 
There  was  no  fissure  in  the  external  auditory  canal  and 
the  pus  came  definitely  from  the  middle  ear.  If  the  lymph 
system  had  served  as  the  route  of  extension  we  should 
have  expected  more  evidence  of  cervical  adenitis.  Only 
one  gland  in  the  posterior  triangle  became  manifestly  in- 
volved, and  that  occurred  very  late  in  the  convalescence. 
It  would  seem  probable  that  the  Eustachian  tube,  the  per- 
itubal tissue  and  the  semi-canalis  tensoris  tympani  served 

•  Auerbach  and  Alexander,  they  learned  later,  had  published  a  simi- 
lar case  of  choked  disc,  with  paralysis  of  the  abducens  and  facial  nerves, 
in  which  likewise  a  decompression  operation  had  been  done  with  success. 
A  number  of  similar  cases  have  been  reported  as  following  the  mastoid 
operation.  Menche  (39)  marked  papillitis  after  mastoid  operation,  com- 
plete recovery.  Castanada,  (39)  mastoid  operation;  — 14  days  later  right 
abducens  paralysis  and   double  choked  disc. 

*♦  Ruttin  gives  a  similar  explanation.  It  may  be  worth  while  mention- 
ing that  fatal  cerebral  edema  has  followed  the  tying  of  the  internal  jug- 
ular vein. 
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as  the  route  for  the  extension  of  the  pus  from  the  middle 
ear  to  the  retropharyngeal  region.  A  retropharyngeal  ab- 
scess at  this  level  could  press  directly  upon  the  glossophar- 
yngeal, vagus,  accessory  and  hypoglossal  nerves,  and  such 
pressure  would  explain  all  of  the  lesions  in  the  first  case. 

The  abducens  paralysis  in  the  second  case  is  more 
difficult  to  explain.  There  was  no  evidence  of  intracranial 
edema ;  so  that  Cushing's  explanation,  which  we  believe  is 
the  most  logical  for  most  cases  of  this  type,  is  not  appli- 
cable in  this  case. 

Knick's  studies  make  the  theory  of  serous  meningitis 
a  doubtful  explanation.  The  spontaneous  recovery  would 
argue  against  osseous  involvement  at  the  tip  of  the  pet- 
rous bone.  The  most*  likely  explanation  would  seem  to  be 
a  toxic  neuritis  due  to  retention  of  pus.  This  would  also 
serve  to  explain  the  rises  of  temperature  and  the  severe 
headaches. 

If  we  summarize  the  cranial  nerves  reported  involved 
in  otitis  media,  we  have  the  following : 

1.  Optic.  2.  Oculo-motor.  3.  Trigeminus.  4.  Abdu- 
cens. 5.  Facial.  6.  Acousticus.  7.  Glossopharyngeus. 
8.    Vagus.    9.     Accessarius.     10.    Hypoglossus. 

Involvement  of  ten  of  the  twelve  cranial  nerves  has 
thus  been  observed  in  the  extension  of  otitis  media. 
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Discussion. 

Dr.  Edward  B.  Dench,  New  York  City :  I  would  like  to 
ask  if  the  secretions  were  examined  for  Klebs  LoeflFler  ba- 
cilli. The  reason  I  ask  is  that  I  had  a  case  somewhat  sim- 
ilar to  this,  which  followed  resection  of  the  jugular  vein. 
There  was  a  whitish  membrane  seen  in  the  wound  and  later 
the  left  cord  was  in  the  cadaveric  position.  There  was 
partial  facial  paralysis  and  partial  palatal  paralysis.  It  was 
a  question  whether  this  was  a  case  of  wound  diphtheria  al- 
though smear  from  the  wound  showed  in  Klebs  Loeffler.  I 
considered  it  a  septic  case  caused  by  toxins  of  the  streptococcus. 

Dr.  Perkins  has  reported  3  cases  of  retropharyngeal 
abscess  following  mastoid.  With  reference  to  the  other 
cases  I  reported  several  years  ago,  a  case,  Gradinego's 
syndrome  in  hemorrhagic  mastoiditis,  where  it  was  neces- 
sary to  expose  a  large  area  of  the  dura  in  the  middle  fossa 
at  the  time  of  operation ;  later  the  patient  suffered  tremen- 
dous pain.  My  assistant  thought  there  were  some  cells 
at  the  tip  of  the  bone.  The  patient  developed  6th  nerve 
paralysis  and  the  pain  was  unbearable,  I  thought  there 
was  localized  meningitis  along  the  roof  of  the  petrous 
bone  involving  the  Gasserian  ganglion.  I  stripped  off  the 
dura  from  the  petrous  pyramid  until  I  saw  the  abducens 
nerve  at  the  tip  of  the  petrous  pyramid,  A  deep  drain 
was  introduced  in  this  region.  The  patient  had  no  choked 
disc  before  operation.  The  day  after  operation  tempera- 
ture was  106°  and  she  showed  two  diopters  of  disc  elevation. 
I  took  out  the  drain  and  the  temperature  dropped  to  nor- 
mal, and  in  24  houris  the  choked  disc  disappeared.     This 
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choked  disc  was  due  undoubtedly  to  the  foreign  body  in 
that  region,  which  increased  the  intracranial  pressure. 

Dr.  E.  W.  Day,  Pittsburg,  asked :  Did  the  doctor  have 
an  X-ray  made  of  the  cervical  vertebra?  In  regard  to 
choked  disc,  with  disease  in  that  region,  it  takes  very  little 
to  choke  the  3rd  ventricle.  The  optic  chiasm  is  very  vul- 
nerable to  increase  of  pressure  from  the  3rd  ventricle. 

Dr.  B,  Alex.  Randall,  Philadelphia,  Pa. :  I  can  recall  a 
case  of  Gradinego's  syndrome  in  a  girl  of  7  with  scarlet 
fever.  There  were  no  Klebs  Loeffler  bacilli  present.  She 
made  a  perfect  recovery,  after  mastoidectomy.  Seven 
years  later  she  had  Grippal  mastoiditis  and  an  operation 
was  done  on  the  bone.  A  completely  reformed  mastoid  was 
found,  pneumatic  to  the  tip,  its  cells  full  of  pus.  A  large 
part  of  the  temporal  bone  was  removed  at  the  first  opera- 
tion, which  widely  uncovered  the  dura  of  middle  fossa.  Had 
I  not  myself  operated  I  would  not  have  believed  that  more 
than  a  Wilde's  incision  had  been  done. 

Dr.  G.  E.  Shamljaugh,  Chicago :  I  have  had  an  experi- 
ence with  a  case  of  this  sort  which  throws  some  light  on 
the  external  rectus  paralysis.  The  situation  was  briefly 
this :  A  nurse  for  whom  a  simple  mastoid  exenteration 
was  carried  out  because  of  a  persisting  discharge  of  a 
couple  of  month's  duration,  and  especially  because  of  a 
continuation  of  severe  pain,  was  the  patient.  The  operation 
did  not  bring  the  relief  hoped  for  since  there  was  a  contin- 
uation of  the  severe  pain.  Perhaps  a  week  after  the  oper- 
tion  there  developed  paralysis  of  the  external  rectus  on 
the  same  side.  A  furthur  operation  was  carried  out  and 
a  simple  extradural  abscess  was  uncovered  well  forward 
above  and  in  front  of  the  external  auditory  meatus.  The 
patient  made  a  prompt  recovery. 

Dr.  Friedenwald  (closing)  said :  I  cannot  answer  the 
questions  of  Dr.  Dench  or  Dr.  Day.  We  had  not  thought 
of  Klebs  Loeffler  infection.  This  was  most  unlikely.  There 
were  no  X-rays  made  at  all  in  this  case. 
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This  article  contains  the  results  of  the  cooperative 
efforts  of  an  otologist  and  a  physicist  to  investigate  the 
nature  of  diplacusis.  This  symptom  where  a  tone  is  heard 
of  a  different  pitch  in  the  two  ears  is  one  of  the  more  un- 
common symptoms  observed  in  ear  disease.  Its  occurrence 
is  however  much  more  common  than  is  usually  appreciated. 
The  ten  cases  here  reported  were  all  selected  in  the  course 
of  but  two  months  from  patients  examined  in  the  private 
practice  of  the  author  from  something  over  two  hundred 
cases  coming  for  examination.  In  most  of  the  cases  the 
patient  had  not  been  aware  of  this  symptom  while  in 
others,  especially  professional  musicians,  the  complica- 
tion arising  from  diplacusis  was  the  chief  complaint.  In 
one  patient  examined  since  this  series  was  studied,  a  piano- 
tuner  by  profession,  the  man  found  himself  quite  incapable 
of  pursuing  his  work  because  of  the  confusion  occasioned 
by  the  diplacusis. 

The  results  of  this  work  contribute  to  our  knowledge 
of  this  peculiar  symptom  and  are  of  special  interest  to  the 
physiologist  because  of  their  bearing  on  theories  of 
audition. 

Apparatus  and  methods:  The  source  of  tone  employed 
for  the  diagnoses  was  a  vacuum  tube  oscillator  which  could 
produce  tones  of  any  pitch  or  loudness  over  the  entire  tonal 
range.  The  control  of  pitch  or  loudness  was  effected  by 
simply  changing  a  dial  box  condenser  or  a  dial  box  resist- 
ance. These  were  provided  to  enable  the  operator  to  make 
changes  of  pitch  or  loudness  very  quickly. 

The  procedure  for  taking  measurements  on  each  pa- 
tient was  as  follows :     The  person  under  test  held  a  tele- 
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phone  receiver  to  each  ear.  These  receivers  v^ere  associ- 
ated with  the  oscillator  circuit  in  such  a  manner  that  by 
means  of  a  rocking  switch  the  operator  could  present  to 
either  ear  a  tone  of  any  desired  pitch  or  loudness.  The 
intensities  of  the  tones  presented  to  the  two  ears  were 
adjusted  until  the  tone  heard  with  the  right  ear  and  the 
tone  heard  with  the  left  ear  were  judged  equally  loud.  The 
tones  first  presented  were  of  the  same  pitch.  If  the  pa- 
tient was  diplacusic  the  tone  heard  with  one  ear  differed 
in  pitch  from  the  tone  heard  with  the  other  ear.  The 
patient  was  then  requested  to  sing  or  whistle,  if  possible, 
the  tone  heard  with  each  ear.  This  gave  the  experimenter 
an  estimate  of  how  each  of  the  two  ears  heard  the  same 
physical  tone,  and  hence  indicated  whether  the  defect  was 
in  the  left  ear,  the  right  ear,  or  in  both  ears.  In  all  the 
cases  tested  the  defect  was  limited  to  one  ear.  Hence  to 
measure  the  error  in  pitch  perception  in  the  involved  ear 
it  was  only  necessary  to  vary  the  pitch  of  the  tone  pre- 
sented to  the  involved  ear  until  it  was  judged  to  be  of  the 
same  pitch  as  that  of  the  original  tone  as  heard  by  the 
other  ear.  This  judgment  was  facilitated  by  alternately 
presenting  the  original  tone  to  the  normal  ear  and  the 
modified  tone  to  the  affected  ear.  The  amount  of  pitch  dis- 
placement in  the  involved  ear  was  indicated  by  the  dial 
readings  of  the  condenser  associated  with  the  tone  genera- 
tor. Each  patient  was  required  to  repeat  all  judgments 
until  consistent  agreement  was  attained.  All  but  one  of 
the  patients  were  able  to  repeat  judgment  which  agreed 
with  each  other  surp-risingly  welL  Each  patient  w,as 
tested  over  the  entire  tonal  range  from  50  d.  v.  to  4800  d.  v. 

Summary  of  Cases 
Case.  I — Mrs.  M.,  Age  43,  complained  of  attacks  of  the 
Meniere-symptom-complex,  deafness,  tinnitus  and  vertigo. 
The  first  attack  had  occurred  eight  years  previous  when 
she  suddenly  developed  defective  hearing  and  tinnitus  in 
the  left  ear  associated  with  vertigo,  nausea  and  vomiting. 
Recurring  attacks  of  vertigo  persisted  at  that  time  for  18 
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months.  In  January  1922  she  again  developed  vertigo  and 
nausea,  which  persisted  for  three  days.  Since  then  she  has 
had  similar  attacks  in  which  the  nausea  lasted  for  frbm 
several  hours  to  a  couple  of  days. 

The  examination  found  both  drum  membranes  normal. 
The  whispered  voice  was  heard  normally  in  the  right  ear 
but  in  the  left  ear  could  be  heard  only  at  two  feet.  The 
lower  tone  limit  was  normal  for  the  right  ear,  but  in  the 
left  C  64  d.  V.  was  distinctly  shortened.  Weber  was  later- 
alized  to  the  right  and  the  Rinne  was  positive  for  both  ears. 
There  was  no  appreciable  shortening  in  the  perception  of 
c'*,  2048  d.  v.  or  the  Edelman  Galton  whistle  in  either  ear. 
Interestingly  enough  nothing  atypical  was  detected  in  the 
examination  of  the  vestibular  mechanism. 

Diagnosis :     Symptoms  due  to  internal  ear  disease. 

The  laboratory  tests  showed  that  the  right  ear  was 
normal  and  the  left  ear  was  only  slightly  subnormal  for 
the  minimum  audible  tones.  Both  ears  were  normal  for 
the  appreciation  of  small  differences  of  loudness  and  pitch. 
The  diplacusis  effect  was  in  the  left  ear.  For  tones  below 
200  d.  V.  the  effect  was  not  noticeable.  From  200  d.  v.  to 
4000  d.  V.  the  pitch  identification  with  the  left  ear  was  ap- 
proximately a  semitone  interval  too  high.  The  pitch  iden- 
tification with  the  right  ear  was  normal. 

Case  II.  Mr.  V.,  age  55.  Ear  symptoms  developed 
ten  years  ago  and  were  attributed  to  an  acute  tonsillitis.  The 
symptoms  consisted  of  defective  hearing,  tinnitus  and  occasional 
slight  attacks  of  vertigo. 

The  examination  found  both  drum  membranes  normal 
except  for  some  diminution  of  lustre.  The  whispered  voice 
was  heard  on  the  right  side  only  close  to  the  ear  and  in  the 
left  at  four  feet.  The  Weber  was  not  lateralized ;  bone 
conduction  was  distinctly  shortened ;  the  Rinne  was  posi- 
tive for  both  ears.  There  was  no  elevation  of  the  lower 
tone  limit  but  the  c4  in  both  ears  was  distinctly  shortened 
arid  there  was  a  defect  in  both  ears  in  the  upper  tone  range 
as  shown  by  the  Galton  whistle.  Testing  the  vestibular 
mechanism  failed  to  elicit  any  abnormal  responses. 
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Diagnosis:     Internal  ear  disease. 

Laboratory  tests  showed  that  Mr.  V.  was  noticeably- 
deaf  over  the  entire  tonal  range.  The  minimum  audible 
tones  for  the  left  ear  were  20  to  30  times  the  amplitude 
of  vibration  required  for  normal  ears.  For  tones  of  hig^ 
pitch  the  minimum  audible  tones  for  the  right  ear  were 
tones  whose  amplitudes  were  75  to  100  times  those  required 
for  normal  ears.  The  displacement  of  pitch  perception  was 
in  the  right  ear,  but  was  not  noticeable  for  tones  of  lower 
pitch  than  600  d.  v.  From  600  d.  v.  to  3000  d.  v.  the  right 
ear  heard  all  tones  slightly  more  tlian  a  semitone  interval 
too  liigh.  For  tones  above  3200  d.  v.  the  diplacusis  affect 
had  disappeared. 

Case  III. — Mr.  M.,  age  38,  complained  of  bilateral  de- 
fect in  hearing  and  tinnitus  of  15  years  duration.  Onset 
was  .insidious  and  mother  was  quite  deaf. 

Examination  found  both  drum  membranes  quite  nor- 
mal but  with  a  distinct  pinkish  glow  from  promontory. 
Whispered  voice  was  heard  at  one  foot  in  right  ear  but 
not  at  all  in  the  left.  The  lower  tone  limit  was  more  or 
less  elevated  for  both  ears.  The  Weber  was  not  lateralized, 
bone  conduction  was  prolonged,  and  Rinne  was  strongly 
negative.  There  was  a  moderate  loss  of  hearing  for  c4 
and  a  very  marked  defect  for  the  Galton  whistle  for  both 
ears. 

Diagnosis :     Otosclerosis. 

The  threshold  curves  for  this  patient  indicated  nerve 
deafness.  His  upper  limits  of  audibility  were  5000  d.  v.  for 
the  left  ear  and  5500  d.  v.  for  the  right  ear.  The  displace- 
ment of  pitch  perception  was  in  the  left  ear  which  heard 
all  tones  about  a  quarter  tone  interval  too  low. 

Case  IV. — Miss  W.,  age  25.  complains  of  attacks  of 
vertigo  of  nine  years  duration.  Onset  of  attacks  usually 
preceded  by  sizzling,  pulsating  tinnitus  in  the  left  ear. 
Attacks  sometimes  preceded  by  a  feeling  of  fullness  and 
tinnitus  lasting  for  a  couple  of  minutes.  Intervals  between 
attacks  last  from  two  days  to  a  couple  of  years. 
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Examination  found  both  drum  membranes  normal. 
Whispered  voice  heard  normally  in  both  ears.  The  tuning 
fork  reactions  were  normal  except  for  the  presence  of  a 
diplacusis  in  the  left  ear  for  tones  below  a^.  The  testing 
of  the  vestibular  mechanism  developed  atypical  responses 
and  the  abnormal  pointing  reaction  suggested  an  intra- 
cranial disturbance. 

Diagnosis:     Disturbance,  of  the  nervous  mechanism. 

The  threshold  curves  indicated  that  Miss  W.  w^as  no- 
ticeably deaf  for  tones  of  low  pitch,  especially  in  the  left 
ear.  She  heard  the  higher  tones  normally,  the  left  ear 
hearing  up  to  16000  d.  v.  and  the  right  ear  hearing  up  to 
17000  d.  V.  There  was  no  indication  of  what  is  ordinarily 
diagnosed  as  nerve  deafness.  Her  ability  to  appreciate 
small  differences  of  pitch  and  loudness  was  normal.  The 
diplacusis  affect  was  uncertain  for  tones  of  lower  pitch 
than  400  d.  v.,  although  it  .appeared  that  the  left  ear  heard 
higher  than  the  right.  From  400  d.  v.  to  4800  d.  v.  the  left 
ear  heard  all  tones  slightly  more  than  a  quarter  tone  inter- 
val too  high.  She  said  fhe  tone  sensation  in  the  left  ear 
was  unpleasant  and  of  poor  quality. 

Case  V.    No  history. 

Mr.  M.  was  only  temporarily  affected  with  diplacusis. 
Both  ears  were  nearly  normal  for  the  threshold  intensities 
and  both  were  normal  for  the  appreciation  of  small  differ- 
ences of  loudness  and  pitch.  The  diplacusis  was  caused, 
apparently,  by  a  cold  in  the  head.  The  patient  observed, 
while  listening  to  tbe  sustained  violin  tones  of  a  symphony 
orchestra,  that  the  sustained  tones  seemed  to  change  pitch 
as  he  alternately  presented  one  ear  and  then  the  other. 
The  laboratory  tests  showed  that  his  left  ear  heard  all 
tones  a  semitone  interval  too  low.  Tests  made  six  months 
after  the  first  ones  sliowed  that  the  diplacusis  had  disap- 
peared. The  patient  said  the  affect  had  disappeared  as  the 
cold  in  the  bead  improved. 

Case  VI.  Mr.  H.,  age  32,  complains  of  bilateral  deaf- 
ness and  occasional  slight  tinnitus,  no  vertigo.     Insidious 
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onset  when  he  was  12  years  old.  Father  was  very  deaf 
from  advanced  otosclerosis.  Examined  this  patient  first 
when  he  was  15  years  old  when  the  responses  typical  of 
nerve  deafness  were  found  but  in  both  ears  the  pinkish 
glow  from  the  promontory  characteristic  of  otosclerosis 
was  observed. 

When  examined  in  May,  1922  the  pinkish  glow  from 
promontory  had  disappeared  and  there  had  developed  all 
the  typical  reactions  characteristic  of  stapes  fixation,  a 
marked  elevation  of  the  lower  tone  limit,  the  C  fork  64  d. 
v.  not  being  heard  in  either  ear,  a  prolonged  bone  conduc- 
tion and  a  negative  Rinne  for  both  ears.  In  addition  there 
was  an  extensive  defect  in  the  upper  tone  range,  the  Galton 
whistle  not  being  heard  in  either  ear.  The  testing  of  the 
vestibular  mec'hanism  by  the  rotation  tests  showed  after 
turning  to  the  right  a  very  weak  nystagmus  lasting  but 
12  seconds  and  after  turning  to  the  left  a  similar  nystagmus 
lasting  but  15  seconds. 

Diagnosis:  Advanced  otosclerosis  in  which  fixation  of 
the  stapes  was  associated  wifh  extensive  degeneration  of 
the  labyrinth. 

The  laboratory  tests  indicated  that  this  was  an  unusual 
case  of  advanced  otosclerosis  and  nerve  degeneration  in 
both  ears.  The  response  to  small  differences  of  loudness 
and  pitch  was  normal  for  both  ears.  The  diplacusis  ex- 
tended over  the  entire  tonal  range,  the  left  ear  hearing 
all  tones  nearly  a  semitone  too  high. 

Case  VII. — Mr.  F.,  age  43,  complains  of  defective 
hearing  in  the  left  ear  of  one  month's  duration  with  no 
tinnitus.  There  was  a  history  of  defective  hearing  in  the 
right  ear  of  ten  years  duration  with  constant  tinnitus. 
Stated  that  he  had  experienced  some  attacks  of  vertigo  a 
couple  of  years  ago.  There  was  no  history  of  deafness  in 
the  family  and  the  symptom  of  paracusis  Willisi  was  not 
noticed. 

Examination  found  both  drum  membranes  altered, 
retracted  and  thickened,  whispered  voice  was  heard  in 
the  right  ear  at  one  foot  and  in  the  left  at  four  meters.  The 
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lower  tone  limit  was  normal  in  both  ears.  The  Weber 
was  lateralized  to  the  left  bone  conduction  was  distinctly- 
shortened  and  the  Rinne  for  both  -  ears  was  positive. 
There  was  a  moderate  defect  in  the  upper  tone  range  in 
both  ears  as  shown  by  the  Galton  whistle. 

Diagnosis:  Exhausted  tubo-tympanic  catarrh;  dis- 
turbance due  to  internal  ear  disease. 

The  threshold  curves  indicated  pronounced  nerve  deaf- 
ness in  the  right  ear  and  the  left  ear  was  also  slightly  in- 
volved. There  was  a  marked  depression  for  the  threshold 
intensities  over  the  entire  tonal  range  and  especially  for 
tones  of  high  pitch.  The  right  ear  was  deaf  to  tones  above 
4700  d.  V.  Both  ears  were  normal  for  the  appreciation  of 
small  differences  of  loudness  and  pitch.  The  diplacusis 
affect  was  uncertain  for  tones  below  1600  d.  v.  For  tones 
above  1600  d.  v.  there  was  no  uncertainty ;  the  right  ear 
heard  these  tones  a  semitone  interval  too  high. 

Case  VIII.— Mr.  A.  (No  history). 

Trouble  in  the  riglit  ear  followed  an  attack  of  influ- 
enza. Mr.  A.  was  slightly  deaf  in  both  ears.  His  percep- 
tion of  small  differences  of  loudness  and  pitch  was  normal 
for  both  ears.  The  diplacusis  extended  over  the  entire 
tonal  range  from  50  d.  v.  to  4000  d.  v.  For  low  tones,  50 
d.  V.  and  100  d.  v.,  the  right  ear  heard  nearly  a  whole  tone 
interval  too  high.  For  tones  of  higher  pitch  than  100  d.  v. 
the  right  ear  heard  approximately  a  semitone  interval  too 
high. 

Case  IX. — Mrs.  M.,  age  50,  seen  in  April  1921  when 
patient  complained  of  defective  hearing  in  the  left  ear 
which  had  resulted  from  a  severe  electric  shock  from 
a  telephone  receiver  on  November  8th,  1919.  The  shock 
had  rendered  her  unconscious  for  about  one  hour.  W'hen 
she  awakened  all  sounds  seemed  exaggerated  and  she  suf- 
fered very  much  from  tinnitus  which  she  likened  to  the 
sound  of  an  airplane.  This  type  of  tinnitus  persisted  for 
about  six  months  when  it  changed  to  a  lower  pitch  and 
finally  disappeared.    Patient  is  a  teacher  of  vocal  music  ani 
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after  accident  began  to  notice  that  her  pupils  when  sing- 
ing appeared  to  be  off  pitch.  This  condition  still  persists 
but  she  has  been  able  to  adjust  herself  to  the  situation  and 
is  now  able  to  discount  the  difficulty.  Vertigo  was  absent. 
Examination  found  both  drum  membranes  normal. 
The  whispered  voice  was  heard  in  the  right  ear  at  three 
meters  and  in  the  left  only  close  to  the  ear.  Weber  was 
lateralized  to  the  right,  bone  conduction,  from  vertex 
slightly  shortened.  The  lower  tone  limit  was  normal  in 
the  right  but  in  the  left  was  moderately  elevated.  The 
c4  was  slightly  shortened  for  both  ears.  Diplacusis  was 
found  for  all  the  forks  and  the  Galton  whistle,  all  tones 
being  heard  higher  in  the  left  ear. 

Diagnosis:    Injury  to  the  internal  ear. 

Laboratory  tests  showed  that  both  ears  were  normal 
for  the  minimum  audible  tones  and  for  the  appreciation 
of  small  differences  of  loudness  and  pitch.  The  left  ear 
had  been  nearly  deaf  after  the  shock  but  had  gradually 
improved. 

In  spite  of  this  return  to  normalcy  of  fhe  hearing 
function  there  was  a  pronounced  diplacusis  which  had  ex- 
isted, since  the  accident  in  1919.  From  100  d.  v.  to  4000  d. 
V.  the  left  ear  consistently  heard  all  tones  a  semitone  inter- 
val too  high.  She  could  reproduce  vocally,  with  certainty 
and  accuracy,  the  tones  she  heard  with  either  ear. 

Case  X. — Mr.  A.,  age  27,  complained  of  defective  hear- 
ing and  tinnitus  in  the  right  ear  of  about  one  year's  dura- 
tion. There  was  no  history  of  deafness  in  the  family.  He 
was  not  conscious  of  paracusis  Willisi  and  had  never  had 
vertigo. 

Examination  found  both  drum  membranes  normal  and 
in  both  ears  there  was  a  pinkish  glow  from  the  promontory 
sometimes  observed  in  otosclerosis.  Whispered  voice  for 
the  right  ear,  88  was  heard  at  2  meters,  and  66  at  4  meters. 
The  same  numbers  were  heard  normally  in  the  left  ear. 
The  lower  tone  limit  was  somewhat  elevated  in  both  ears. 
The  A  fork  was  lateralized  to  the  left  and  the  duration  of 
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bone  conduction  from  the  vertex  for  the  same  fork  was 
appreciably  shortened.  The  Rinne  was  negative  for  the 
right  and  positive  for  the  left  ear.  The  c4  and  Galton  whis- 
tle were  heard  normally  in  both  ears.  It  was  noticed  that 
the  C  fork  64  d.  v.,  the  c^  256  d.  v.  and  the  A  fork  wiere 
all  felt  as  a  l^lowing  rather  than  heard  as  a  distinct  tone  in 
the  right  ear ;  also  that  the  c^  in  the  left  ear  had  lost  the 
character  of  a  musical  tone.  In  testing  the  vestibular 
mechanism  by  rotating,  the  nystagmus  after  turning  to  the 
right  was  very  weak  and  lasted  only  8  seconds  and  after 
turning  to  the  left  was  of  the  same  character  and  lasted 
but  12  seconds. 

Diagnosis :  Disturbance  due  chiefly  to  alterations  in  the 
internal  ear,  probably  caused  by  otosclerosis. 

Laboratory  tests  showed  this  to  be  a  most  unusual 
case  of  diplacusis.  The  left  ear  was  practically  normal  in 
all  its  functions.  The  right  ear  was  normal  for  the  appre- 
ciation of  small  differences  of  loudness  and  pitch,  but  was 
subnormal  for  the  minimum  audible  tones,  particularly  for 
tones  of  low  pitch. 

For  tones  below  400  d.  v.  the  right  ear  had  no  appre- 
ciation of  pitch.  It  experienced  a  definite  sensation,  how- 
ever, which  he  described  as  a  sensation  which  would  be 
produced  by  a  hissing  wind  in  the  ear.  Albeit  he  could 
perceive  changes  of  this  wind  sensation  corresponding  to 
small  changes  of  the  frequency  or  intensity  of  the  tonal 
stimulus,  indeed  changes  as  small  as  could  be  perceived 
by  the  normal  ear.  An  increment  of  loudness  of  the  tone 
was  perceived  as  an  increment  of  intensity  of  the  wind 
sensation  and  an  increment  of  pitch  was  perceived  as  a 
change  of  quality  of  the  wind  sensation. 

For  tones  of  slightly  higher  pitch  than  400  d.  v.  the 
right  ear  began  to  associate  the  property  of  pitch  with  the 
tone  sensation,  but  the  pitch  thus  recognized  was  nearly 
an  octave  lower  than  the  pitch  of  the  same  tone  heard 
with  the  left  ear.  At  800  d.  v.  the  right  ear  heard  slightly 
more  than  a  whole  tone  interval  too  low.     At  1600  d.  v.  it 
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heard  a  semitone  interval  to6  low.     For  tones  above  3200 
d,  V.  pitch  identification  was  the  same  with  either  ear. 


Discussion  OF  Results 


It  will  be  noted  from  the  study  of  these  cases  that  the 
symptom  of  diplacusis  occurs  in  a  number  of  different  ear 
lesions.  It  is  conspicuous  that  in  this  small  series  there 
were  three  cases  of  otosclerosis.  In  one  the  symptom  was 
the  result  of  an  injury  to  the  internal  ear  from  an  electric 
shock  through  a  telephone  receiver.  Three  were  cases  of 
primary  degeneration  in  the  labyrinth  and  one  appeared 
to  1)e  suffering  from  some  obscure  intracranial  disturbance. 
In  two  of  the  cases  the  clinical  record  had  been  misplaced 
and  could  not  be  found. 

The  most  conspicuous  finding  is  that  in  all  of  the  cases 
there  was  a  positive  diagnosis  of  internal  ear  disease.  In 
not  a  single  case  was  there  any  evidence  of  a  middle  ear 
disease  that  could  be  held  responsible  for  this  symptom. 
The  conclusion  is  that  diplacusis  is  characteristic  of  inter- 
nal ear  disease. 

Of  the  ten  cases  of  diplacusis  which  were  examined, 
seven  were  characterized  by  the  affected  ear  hearing  too 
high;  only  three  of  the  ten  heard  too  low.  In  six  of  the 
ten  cases  the  afTect  extended  over  the  entire  tonal  range 
from  50  d.  y.  to  4800  d.  v.  In  two  other  cases  there  was  un- 
certainty about  its  existence  for  tones  of  low  pitch^— a 
range  of  pitch  over  which  even  the  normal  ear  experiences 
relatively  greater  difficulty  for  the  appreciation  of  pitch 
differences.  In  the  other  two  cases  the  affect  certainly  did 
not  extend  over  the  entire  tonal  range.  Hence  there  seems 
to  be  no  general  uniformity  in  the  diplacusic  affect,  either 
in  the  direction  or  amount  of  the  displacement,  and  the 
affect  may  extend  over  a  part  or  the  whole  of  the  tonal 
range. 

To  the  physiologist  the  problem  of  particular  inter- 
est has  to  do  with  the  type  of  pathological  changes  in  the 
cochlea  that  are  responsible  for  this  interesting  symptom 
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and  the  conclusions  that  may  be  drawn  from  its  occurrence 
regarding-  the  theory  of  sound  perception. 

As  regards  the  pathological  changes  in  the  cochlea  one 
thing  is  apparent,  the  ordinary  degenerative  changes  frOm 
whatever  source  do  not  cause  this  symptom  since  it  is  only 
the  exceptional  case  of  internal  ear  disease  where  it  occurs. 
What  the  particular  pathological  condition  may  be,  may 
perhaps  be  surmised  by  considering  the  relation  of  this 
symptom  to  the  theory  of  sound  perception.  In  the  first 
place  the  occurrence  of  this  symptom  strengthens  the  hy- 
pothesis that  sound  perception  is  dependent  on  the  vibra- 
tion of  a  structure  in  the  cochlea  which  responds  to  the 
physical  impulse  of  sound  waves  in  different  parts  of  the 
cochlea  to  tones  of  different  pitch  thus  bringing  about 
a  stimulation  of  different  groups  of  hair  cells  for  each  tone 
in  the  scale.  Since  it  is  apparent  that  the  stimulation  of  the 
hair  cells  of  Corti's  organ  is  the  result  of  an  intra-action 
between  their  projecting  hairs  and  the  membrana  tectoria 
this  vibrating  mechanism  must  be  either  the  basilar  mem- 
brane or  the  tectorial  membrane  itself.  From  our  knowl- 
edge of  the  manner  in  which  the  other  end-organs  in  the 
labyrinth  respond  to  stimulation,  it  seems  apparent  that 
the  membrana  tectoria  is  the  active  vibrating  mechanism. 
If  we  assume  therefore  that  the  membrana  tectoria  re- 
sponds in  different  segments  to  tones  of  different  pitch, 
thus  stimulating  different  groups  of  hair  cells  in  Corti's 
organ  for  each  separate  tone,  then  we  must  conclude  that 
the  pathological  changes  in  the  labyrinth  responsible  for 
diplacusis  have  to  do. with  the  vibrating  structure.  Now 
the  membrana  tectoria  is  an  epithelium  outgrowth  like 
the  finger  nails  or  the  hair  in  which  there  are  no  blood 
vessels,  muscle  or  connective  tissue  fibres.  This  fact  re- 
stricts very  materially  the  possible  pathological  changes 
that  may  alter  its  normal  function.  It  would  seem  from  its 
sudden  onset  that  the  symptom  of  diplacusis  is  probably 
due  to  some  pathological  deposit  adhering  to  the  tectorial 
membrane,  for  example,  a  blood  clot  or  a  fibrinous  deposit ; 
such  a  deposit  would  influence  its  vibrating  qualities  so  that 
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a  segment  that  nominally  vibrates  to  a  certain  tone  will 
now  vibrate  to  a  tone  just  below  or  just  above  this  tone. 
Such  an  alteration  in  the  vibrating  qualities  of  the  mem- 
brana  tectoria  should  give  rise  to  diplacusis.  A  deposit  ad- 
hering to  a  segment  of  the  tectorial  membrane  would  act  to 
make  this  segment  respond  to  a  tone  lower  than  it  would 
normally.  In  the  resulting  diplacusis  the  affected  ear 
would  hear  tones  higher  than  in  the  normal  ear.  It  is  in- 
teresting that  in  seven  out  of  the  ten  cases  examined  this 
was  the  phenomena  actually  observed.  Where  this  symp- 
tom is  the  result  of  an  injury  such  as  the  shock  in  case  IX 
it  seems  probable  that  such  an  injury  would  produce  a  re- 
laxation in  the  membrana  tectoria.  This  relaxation  again 
would  result  in  a  diplacusis  where  the  tones  affected  would 
be  heard  higher  t'han  in  the  normal  ear.  This  was  what 
was  observed  in  this  patient.  In  three  cases  where  the 
tones  were  heard  too  low  in  the  affected  ear  the  explana- 
tion is  not  so  apparent.  It  is  clear,  however,  that  the  phe- 
nomena observed  in  these  cases  are  readily  explained  on 
the  assumption  that  the  structure  in  the  cochlea,  the  mem- 
brana tectoria,  which  transmits  the  impulse  of  sound  waves 
vibrates  in  response  to  these  impulses  probably  on  the  prin- 
ciple of  physical  resonance,  ' 

Discussion. 

Dr.  M.  A.  Goldstein,  St.  Louis,  Mo.:  It  is  hard  to  dis- 
cuss a  paper  based  on  investigative  work  when  we  have 
only  a  theory  of  the  organ  of  Corti  to  go  upon.  It  is  a. 
beautiful  theory  and  we  should  hate  to  be  deprived  of  it. 
We  can  use  it  until  we  have  something  more  tangible  to 
go  upon.  I  think  diplacusis  with  a  raising  or  lowering  of 
the  actual  tone  sensations  is  a  modification  of  some  of  the 
segments  involved  in  the  conveyance  of  the  sound  wave. 
Any  alteration  in  the  organ  of  Corti  will  produce  alteration 
higher  or  lower  than  the  actual  tone  would  be  and  will  alter 
appreciation  of  tones,  semitones  or  quarter  tones.  The 
high  pitched  tinnitus  of  otosclerosis  has  been  supposed  to 
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be  pathognomonic.  The  patient  says  he  hears  a  sound  like 
escaping  steam.  This  must  result  from  disturbance  about 
the  area  of  the  base  of  the  cochlea  where  the  high  pitched 
tones  are  and  where  the  lesion  begins.  There  is  the  sa'me 
alteration  where  there  is  impaction  of  the  foot  plate  of  the 
stapes,  but  that  is  not  otosclerosis.  There  is  one  point  I 
wish  Dr.  Shambaugh  would  emphasize,  where  he  found 
possible  relaxation  in  the  fibration  of  a  segment,  and  the 
diplacusis  appeared  higher.  In  clinical  cases  where  relax- 
ation occurs  (whether  the  basilar  membrane  is  responsible 
for  the  conveyance  of  sound  waves  or  not)  relaxation 
would  produce  lowering  of  the  tone  and  not  raising  of  the 
tone  for  that  particular  segment. 

Dr.  L.  W.  Dean,  Iowa  City :  I  am  very  much  inter- 
ested in  this  paper.  I  noted  particular  discrimination  was 
reported  for  each  ear  in  all  the  cases.  Has  the  speaker 
noted  any  difference  of  pitch  discrimination  due  to  disease 
of  the  ear  itself?  To  illustrate  this,  I  will  say  that  we  have 
made  determinations  of  pitch  discrimination  in  a  great 
many  cases.  In  a  great  many  cases  the  pitch  discrimina- 
tion was  very  poor.  Such  people  were  unfitted  for  the  pro- 
fession of  music,  but  in  them  we  have  not  found  in  clinical 
disease  of  the  ear,  thus  we  do  not  feel  that  lack  of  pitch 
discrimination  is  associated  with  disease  of  the  ear  itself. 
Our  conclusions  are  not  definite,  but  we  have  noted  no 
direct  relationship. 

Dr.  B.  Alex.  Randall,  Philadelphia :  One  must  be  a  bold 
man  to  attack  theories  of  labyrinth  function,  offered  by  our 
President.  I  still  believe  the  theory  of  Helmholtz,  which 
ascribes  the  vibratory  function  to  the  membrana  basilaris 
rather  than  to  the  tectoria  and  which  fits  in  better  with 
my  understanding  of  the  physiology  of  the  ear.  Do  Piano 
tuners  tune  the  hammer  rather  than  the  strings?  It  is  easy 
to  see  how  slight  congestion  or  extravasation  of  the  vessel 
which  runs  along  the  basilaris  would  give  rise  to  change  of 
pitch.    I  don't  see  how  we  can  expect  to  find  this  in  the  tec- 
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toria,  which  is  non-vascular.  The  point  must  be  borne  in 
mind  that  there  are  cases  of  diplacusis  where  the  lesion 
is  much  more  manifestly  coarse,  and  cases  of  low  grade 
inflammation  of  the  tympanic  cavity  where  the  tension  at 
the  short  process  seems  to  be  distinctly  perverted  and 
where  employment  of  the  artificial  drumhead  pressing  at 
the  membrana  flaccida  can  change  the  pitch,  tuning  one  ear 
into  consonance  with  the  other.  We  must  also  bear  in 
mind  the  possibility  of  a  hyterical  form  of  anesthesia  or 
paresthesia  in  the  matter,  as  we  seen  in  the  case  of  a  boy 
whose  girl  friend  was  not  allowed  to  receive  his  letters, 
and  became  stricken  with  hysterical  deafness.  We  must 
remember  that  there  is  a'  strong  possibility  of  a  hysterical 
element  especially  in  such  cases  reported  as  that  where  a 
person  received  a  shock  over  the  telephone  wire  and  be- 
came deaf.  It  was  said  that  Adelina  Patti  had  a  semi-tone 
of  error  in  one  part  of  her  scale  which  had  to  be  carefully 
trained  out. 

Dr.  Edward  B.  Dench  said:  In  one  case  of  a  singer 
who  had  a  subacute  process  of  the  middle  ear,  she  after- 
wards sang  a  half  tone  too  low.  That  entirely  disappeared 
after  treatment  of  the  middle  ear.  The  labyrinth  was  not 
tested. 

Dr.  Thomas  J.  Harris,  New  York  City :  I  should  like 
to  mention  a  case  in  my  personal  experience,  a  patient 
whom  I  operated  upon  for  acute  mastoiditis  three  years 
ago,  made  an  uneventful  recovery  in  the  usual  space  of 
time.  The  hearing  was  absolutely  normal  in  the  affected 
ear  as  far  as  the  tests  showed.  The  patient  was  about  to 
be  discharged  when  he  told  me  that  he  could  not  follow 
his  vocation  as  a  piano  tuner  because  there  was  an  error 
in  hearing,  of  half  a  tone.  At  the  end  of  a  month  he  re- 
ported that  diplacusis  had  disappeared  and  he  was  able  to 
go  on  with  his  usual  work.  This  shows  the  relation  of  the 
nerve  condition  to  an  inflammatory  condition  of  the  middle 
ear  and  mastoid. 
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Dr.  J.  S.  Fraser  (by  invitation)  :  I  was  going  to  sug- 
gest another  pathology  and  that  is  that  the  trouble  might 
be  located  in  the  spiral  ligament  which  decreases  in  bulk 
starting  from  the  intervestibular  part  of  the  cochlea  up 
to  the  round  window.  I  cannot  conceive  of  any  change  in 
the  membrana  tectoria  or  organ  of  Corti  which  would  give 
rise  to  diplacusis.  Relaxation  or  spasm  of  the  spirial  lig- 
ament would  account  for  such  a  phenomenon  as  diplacusis, 
that  is  a  relaxation  producing  apparent  lowering  of  the  cor- 
rect pitch,  or  spasm  producing  rating  of  the  correct  pitch. 
I  have  read  that  diplacusis  is  regarded  as  a  specific  phenom- 
enon but  observations  do  not  tend  to  confirm  that  idea. 

Dr.  M.  A.  Goldstein,  St.  Louis,  Mo. :  I  would  like  to 
ask  whether,  in  these  cases,  in  the  series  which  were  oto- 
sclerotic  in  character,  diplacusis  with  high  pitch  disap- 
peared spontaneously  when  the  profundity  of  deafness 
increased  with  advancing  otosclerosis. 

Dr.  Shambaugh  in  closing  said  that  Dr.  Goldstein's 
inquiry  would  be  an  interesting  one  to  follow  up.  These 
cases  were  examined  last  summer  and  have  not  been  stud- 
ied since.  The  case  which  Dr.  Dench  reports  he  attributes 
the  diplacusis  to  the  middle  ear  trouble  as  does  also  Dr. 
Harris.  The  fact  that  there  existed  a  middle  ear  trouble 
cannot  be  accepted  as  a  proof  that  the  middle  ear  trouble 
had  anything  to  do  with  the  diplacusis.  Also  the  fact  that 
the  diplacusis  may  disappear  as  the  middle  ear  lesion  sub- 
sides is  not  necessarily  an  evidence  that  the  one  is  caused 
by  the  other.  It  is  a  well  known  fact  that  acute  otitis  me- 
dia frequently  affects  the  upper  tone  range  and  that  this 
defect  clears  up  often  rather  slowly  after  the  subsidence 
of  the  acute  media.  I  believe  diplacusis  is  always  a 
symptom  of  internal  ear  disease. 

As  regards  Dr.  Randall's  point :  It  referred  to  the 
membrana  tectoria  as  the  vibrating  structure  because  this 
seems  to  be  logically  the  function  of  this  mechanism,  but 
does  not  matter  whether  we  place  this  function  in  the 
membrana    tectoria    or    the    membrana    basilaria.       On    the 
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other  hand,  if  the  membrana  basiliaris  were  the  vibrating 
structure  it  is  certainly  very  easy  to  reproduce  diplacusi.s 
for  if  the  spiral  ligament  exists  as  a  means  of  supplying 
tension  to  the  fibres  of  the  basilaris  membrane  it  at  once 
becomes  clear  that  it  would  take  any  pathological  change 
involving  the  vascular  structures  of  the  internal  ear  of 
which  the  spiral  ligament  is  one  to  reproduce  a  symptom 
of  diplacusis.  In  fact,  diplacusis  should  be  accepted  as  a 
constant  symptom  in  every  case  of  labyrinthitis  which  has 
not  gone  on  to  complete  suppression  of  function.  The  very 
fact  that  diplacusis  is  not  found  in  these  inflammatory  dis- 
eases of  the  middle  ear  and  occurs  only  as  an  exceptional 
phenomenon  is  in  itself  a  very  strong  argument  against  the 
possibility  of  the  membrana  basilaris  filling  the  role  of  the 
vibrating  structure. 

Dr.  Goldstein  suggests  that  my  statement  to  the  effect 
that  the  relaxation  of  the  area  in  the  vibrating  mechanism 
of  Corti's  organ  will  result  in  a  diplacusis  where  the  af- 
fected tones  are  heard  too  high  should  be  reversed  and 
that  the  tones  in  this  area  are  heard  too  low.  Let  us  sup- 
pose that  a  certain  area  in  the  vibrating  mechanism  in 
Corti's  organ  is  stimulated  normally  by  c.  128  d.  v.  The 
group  of  hair  cells  stimulated  by  the  c  fork  gives  rise  to 
nerve  impulses  which  when  they  reach  the  center  in  the 
cortex  are  interpreted  as  the  c  tone.  Suppose  now  that  the 
function  of  this  vibrating  mechanism  has  Ijeen  so  altered 
that  instead  of  its  being  actuated  by  the  c  fork,  this  area  is 
caused  to  vibrate  by  C.  64  d.v.  C.  fork,  then  64  d.v.  will  stim- 
ulate the  group  of  hair  cells  which  were  normally  being 
stimulated  by  c,  128  d.v.  and  of  course  when  these  nerve 
impulses  reach  the  center  in  the  cortex  we  perceive  the 
tone  as  c,  128  d.v.,  that  is  diplacusis  will  be  present  with 
tones  heard  too  high. 

Dr.  Randall  asked :  What  happens  when  the  pitch  is 
lower? 

Dr.  Shambaugh  in  reply  said :  The  explanation  is  "not 
so  clear.    One  would  have  to  assume  that  there  has  some- 
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thing  happened  to  the  vibrating  mechanism  which  does  not 
permit  it  to  vibrate  in  its  usual  way  but  certain  areas  are 
thrown  into  vibration  by  tones  higher  in  the  scale.  This 
would  give  us  a  diplacusis  with  tones  heard  too  low. 

Dr.  Nerval  H.  Pierce.  Chicago :  I  think  that  investi- 
gation will  prove  that  slight  differences  in  pitch  perception 
below  the  two  ears  of  an  individual  is  not  infrequent.  We 
are  educated  to  disregard  slight  differences  in  pitch.  Very 
few  trained  musicians  can  distinguish  absolute  pitph.  That 
difficulty  increases  when  one  ear  is  stopped  up.  When  lis- 
tening to  an  orchestra  we  are  listening  to  an  enormous 
mass  of  partial  tones.  It  is  not  pure  tone.  In  hearing  a 
very  fine  violinist  you  listen  to  variations  of  pure  tones 
which  are  elicted  from  the  strings,  but  very  few  normal 
ears  can  detect  the  very  slight  variations  of  pitch  in  the 
mass  of  tone  elicted.  It  would  not  surprise  me  if  investiga- 
tion might  elict  the  fact  that  there  is  what  might  be  called 
a  physiological  or  normal  diplacusis. 

Dr.  B.  Alex.  Randall.  Philadelphia:  Does  Dr.  Dean 
mean  basal  pitch  or  relative  pitch?  Has  Dr.  Dean  found 
cases  where  each  ear  hears  half.  That  is  perhaps  the  more 
normal  condition. 

Dr.  L.  W.  Dean,  Iowa  City.  la. :  The  way  to  make 
tests"  is  to  take  patient  with  the  back  of  the  instrument 
and  ask  him  if  it  is  higher  or  lower.  If  it  is  higher  the 
physicist  says  that  he  has  pitch  discrimination.  I'  am  con- 
sidered normal  but  I  would  not  make  a  good  musician. 
Mr.  Bunch  assumed  that  a  pitch  discrimination  of  two 
notes  was  normal.  He  has  never  found  variation,  though 
there  may  have  been  slight  ones. 

Dr.  Shambaugh  said :  I  expected,  possibly,  to  find  an 
internal  ear  disease  and  lack  of  the  normal  appreciation  of 
slight  differences  in  pitch.  We  made  a  report  on  this  work 
last  year  before  this  Society.  In  these  cases  of  diplacusis 
we  are  anxious  to  ascertain  also  whether  the  ability  to 
differentiate  pitch  and  loudness  was  below  normal. 


OTITIC  CHOLESTEATOMATA. 

By  S.   MACCUEX    SMITH,    M.    D.,   Philadelphia,    Pa. 

It  is  not  my  purpose  to  review  extensively  the  litera- 
ture of  otitic  cholesteatoma,  my  chief  object  being  to  pre- 
sent an  unusual  case  of  extradural  tumor  of  this  nature ; 
neither  shall  I  consider  the  various  well-recognized  meth- 
ods, other  than  surgical,  of  treating  aural  suppuration, 
whether  cholesteatoma  be  present  or  not.  The  object  of 
this  paper  is  to  bring  forth  a  discussion  of  the  etiology,  his- 
tology and  pathology  of  otitic  cholesteatoma,  its  surgical 
removal,  and  the  prevention  of  its  recurrence  in  so  far  as 
possible.  It  is  interesting  to  note  that  the  more  recent 
views  differ  but  little  from  those  of  the  masters  of  twenty 
or  thirty  years  ago ;  indeed,  the  whole  present  conception 
of  this  peculiar  formation  is  based  on  the  contributions 
of  an  earlier  period. 

With  the  object  of  determining  whether  cholesteato- 
mata  are  found  in  osseous  structure  other  than  the  tempo- 
ral bone,  their  legitimate  and  historic  habitat,  I  have  in- 
quired of  a  number  of  general  surgeons,  including  J. 
Chalmers  DaCosta,  John  B.  Deaver,  and  Charles  H.  Frazier, 
all  of  whom  gave  a  negative  answer,  the  notable  exceptions 
being  Harvey  Cushing  (1)  and  Percival  Bailey  (2),  but 
the  tumors  which  they  report  may  differ,  however,  in 
some  important  aspects  from  the  otitic  cholesteatomata 
long  since  recognized  by  aurists  as  a  consequence  of 
chronic  otorrhea.  We  all  realize  the  migratory  propensity 
of  cholesteatomata  and  their  ability  to  destroy  the  soft  tissue 
and  penetrate  the  osseous  structure ;  it  would  not  be  unreason- 
able, therefore,  to  assume  that  growths  of  this  character  adja- 
cent to  the  organ  of  hearing  had  their  origin  in  the  temporal 
bone,  even  though  no  active  process  in  the  latter  was  immedi- 
ately discoverable. 
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Cases  are  reported  in  which  cholesteatomata  have 
been  found  in  the  eye,  brain,  spinal  cord  and  kidneys.  It 
is  possible  also  that  these  might  differ  in  some  essential 
respects  from  the  type  under  consideration. 

Should  an  aural  discharge,  however  innocuous,  con- 
tinue for  a  long  period,  necrotic  destruction  of  the  connect- 
ive tissue  elements  ensues.  In  the  presence  of  a  diminish- 
ing suppuration,  new  connective  tissue  formations  are  in- 
duced, which  serve  to  protect  the  underlying  osseous 
structure,  so  that  it  frequently  resists  the  ravages  of  the 
various  microorganisms  and  the  necrotic  changes  incident 
thereto  for  an  indefinite  time.  Sooner  or  later,  however, 
the  normal  blood  supply  and  the  nutrient  vessels  are  inter- 
fered with,  and  those  parts  least  supplied,  such  as  the  incus, 
first  succumb. 

Once  the  soft  parts  have  been  destroyed,  the  tympanic 
and  its  accessory  cavities  are  wholly  deprived  of  their 
every  means  of  resistance  to  the  devastation  of  invading 
bacteria,  and  thus  originate  caries  and  necrosis  and  the 
nidus  for  the  development  of  cholesteatoma. 

When  the  pneumatic  cells  of  the  mastoid  process  be- 
come obliterated  in  the  course  of  a  chronic  proliferative 
osteitis,  acute  exacerbations  are  more  conducive  to  intra- 
cranial complications  through  caries  of  the  tympanic  roof 
or  the  posterior  wall  of  the  mastoid,  exposing  the  dura  or 
lateral  sinus. 

Gruber  and  other  early  authors  believed  these  choles- 
teatomatous  formations  to  be  malignant  in  character,  and 
seemingly  substantiated  their  conclusions  by  minute  exam- 
inations of  the  masses.  More  recent  views  consider  them 
primarily  benign,  and  if  ever  malignant  they  become  so 
in  the  evolution  through  which  they  pass.  It  is  also  shown 
that  these  masses  invade  the  osseous  structure  through  the 
Haversian  canals  even  in  the  early  stage  of  erosion  and 
before  caries  and  necrosis  supervene,  which  explains  the 
tendency  to  recurrence  after  thorough  extirpation  seems 
to  have  been  attained. 
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These  masses,  composed  of  concentrically  arranged 
epithelium,  cholesterin  crystals  and  inflammatory  debris, 
literally  swarm  with  microorganisms.  Their  gradual 
growth  or  enlargement  first  destroys  the  soft  parts  and 
then  produces  dilatation  of  the  bony  cavities,  more  espe- 
cially the  mastoid  antrum,  and  this  in  turn  is  followed  by 
pressure  necrosis  of  the  underlying  osseous  structure,  fre- 
quently exposing  and  subsequently  involving  the  dura, 
lateral  sinus,  and  rarely  even  the  brain  itself  in  an  acute  process 
of  extremely  dangerous  potentiality. 

Cholesteatomata  vary  in  size  from  that  of  a  small  pea 
.to  a  walnut.  They  are  usually  round,  but  their  final  con- 
tour is  governed  somewhat  by  the  shape  of  the  cavity  in 
which  they  form  ;  however,  when  the  bone  undergoes  ne- 
crotic change  the  mass  may  penetrate  it  and  mould  its  out- 
line according  to  the  resistance  encountered. 

Except  for  occasional  mild  attacks  of  giddiness  and 
headache  and  a  feeling  of  weight  and  pressure  in  the  head, 
cholesteatomata  may  remain  in  the  temporal  bone  for 
years  without  causing  symptoms.  Curiously  enough,  cases 
of  this  kind  do  not  seem  to  be  recognized  as  of  sufificient 
importance  to  interest  the  patient  and  sometimes  not  even 
the  physician.  Several  of  my  recent  cases  did  not  seek  re- 
lief until  they  had  had  severe  attacks  of  vertigo,  even  to 
the  extent  of  necessitating  an  attendant.  Others  suddenly 
became  almost  totally  deaf  or  developed  Bell's  palsy  before 
they  were  impressed  with  the  gravity  of  the  situation.  Al- 
though these  patients  are  aware  of  the  existence  of  a 
chronic  ear  disease,  a  fair  percentage  insist  that  they  can- 
not remember  how  long  ago  an  actual  discharge  was  pres- 
ent, this  in  spite  of  the  fact  that  an  examination  reveals 
an  otorrhea,  frequently  very  offensive. 

Under  the  stimulus  of  an  exacerbation,  the  mass, 
wherever  situated,  takes  on  acute  inflammatory  changes 
which  lead  to  extensive  destruction  of  tissue  through  ne- 
crosis. In  their  development,  cholesteatomata  of  the  tym- 
panic cavity  may  follow  the  line  of  least  resistance  and 
extend  well  into  the  external  auditory  canal;  on  the  other 
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hand,  cases  have  been  reported  as  penetrating-  the  Eusta- 
chian tube.  The  latter  I  have  never  observed,  but  I  have 
seen  them  througfh  a  carious  erosion  of  the  mastoid  cortex. 
Likewise,  they  may  cause  labyrinthitis,  meningitis,  sinus 
thrombosis  or  brain  abscess. 

A  unique  case  which  I  have  hitherto  hesitated  to  re- 
port, but  which  will  be  detailed  later  on.  deals  with  a  large 
cholesteatoma  which  invaded  the  temporal  lobe,  being 
thoroughly  walled  off  and  enclosed  in  a  capsule,  perhaps 
spurious  in  type,  the  patient  presenting  no  symptoms, 
either  local  or  general,  indicating  its  presence. 

I  have  never  seen  what  may  be  termed  true  cholestea- 
toma except  that  which  developed  in  the  course  of,  or  as  a 
result  of  chronic  otitic  suppuration,  and.  furthermore,  my 
observation  leads  me  to  believe  that  the  tympanic  and 
accessory  cavities,  together  with  the  marginal  perfora- 
tions of  the  membrana  tympani,  are  alone  the  site  of  these 
strange  formations.  Some  are  reported  occupying  the  ex- 
ternal auditory  canal,  but  when  it  is  remembered  that  the 
meatal  epidermis  does  not  proliferate  pathologically,  and 
thus  give  rise  to  the  pearly-white  dermic  scales  and  other 
characteristics,  until  it  reaches  the  tympanum  and  adjacent 
cavities,  it  is  reasonable  to  assume  that  these  recorded 
meatal  cases  are  not  of  the  true  cholesteatomatous  type. 
Formations  of  cholesteatoma  are.  of  course,  found  in  the 
deep  external  canal,  but  are  associated  with  and  are  actu- 
ally an  outgrowth  from  the  process  in  the  middle-ear  cav- 
ity, or  protude  through  a  fistula  leading  into  the  attic  or 
antrum. 

Those  who  have  seen  a  considerable  number  of  chol- 
esteatomatous cases  must  have  been  impressed  with  the 
following  facts :  That  they  are  observed  only  in  the  pres- 
ence of  chronic  suppuration ;  that  their  formation  is  inhib- 
ited when  the  otorrhea  is  profuse ;  that  they  are  practi- 
cally never  found  in  central  perforations  of  the  membrana 
tympani  unless  the  margin  is  partially  adherent  to  the 
tympanic  wall ;  and  that  their  development  nearly  always 
occurs  in  chronic  suppuration  of  the  attic  or  perforations 
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of  the  superior  and  posterior  quadrant.  This  would  seem 
to  support  the  generally  accepted  theory  that  the  primary 
stage  of  their  evolution  is  the  ingrowth  of  epithelium 
through  the  marginal  perforations ;  their  subsequent  well- 
known  characteristics  being  developed  by  the  histological 
changes  through  which  they  pass. 

Another  distinctive  feature  of  cholesteatoma  is  the 
temporary  decrease  of  suppuration,  almost  to  the  point 
of  cessation  in  some  instances,  when  the  mass  has  at- 
tained a  considerable  size.  This  is  the  type  of  case  that 
may  be  quiescent  until  some  moisture  or  infection  invades 
the  ear,  producing  recurrent  attacks  of  mastoiditis,  when 
they  swell  hygroscopically,  as  is  shown  by  headache,  vomit- 
ing, vertigo,  facial  palsy,  etc.,  ushering  in  the  well-reeog- 
nized  and  dangerous  acute  exacerbations.  It  is  in  this  re- 
current type  of  case  that  I  have  observed  the  great  major- 
ity of  intracranial  complications. 

Lucien-Barajas  (3)  has  clearly  shown  that  there  are 
two  formations  found  in  the  middle  ear  under  the  name  of 
cholesteatoma.  One  is  composed  of  granular,  fatty  and 
purulent  masses  of  detritus,  intermixed  with  squamous 
epithelial  cells,  keratin  and  crystals  of  cholesterin,  while 
the  other  variety  is  formed  by  imbricated  nodules  concen- 
trically arranged  like  the  layers  of  an  onion.  These  pe- 
culiar nodules  consist  microscopically  of  large,  fat  endo- 
thelial cells,  polygonal  in  shape,  the  nuclei  staining  but 
faintly,  while  the  masses  contain  a  large  quantity  of  choles- 
terin. The  major  portion  of  our  cases  belong  undoubtedly 
to  the  first  group  and  must  not  be  classed  as  true  choles- 
teatoma, nor  should  similar  masses  be  placed  in  this  class 
when  composed  of  polystratifications  of  keratinic  epithe- 
lial cells,  which  develop  inflammatory  dermal  affections  of 
the  external  auditory  canal  and  w'hich  are  horny  or  kera- 
tinic formations. 

Personally  I  doubt  the  existence  of  the  so-called  pri- 
mary otitic  cholesteatomata.  To  be  such  they  must  neces- 
sarily originate  independently  of  tympanic  suppuration,  and 
therefore   not   pass   through   the   characteristic   evolution. 
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This  would  mean  either  that  they  are  not  cholesteatomata 
or  else  the  tympanic  perforation  may  have  temporarily 
closed  over  the  underlying  mass,  of  which  this  tumor  was 
originally  an  outgrowth.  Ballenger  (4),  speaking  of  sec- 
ondary cholesteatoma,  says  this  is  the  type  found  in  prac- 
tice ;  the  primary  form  is  chiefly  limited  to  literature. 

Meatal  epidermal  layers  may  find  their  way  into  the 
tympanic  cavity  during  the  course  of  a  receding  chronic 
suppuration,  and  thus  provide  the  necessary  epidermal  lin- 
ing to  produce  the  so-called  spontaneous  cure  of  a  chronic 
suppurative  otitis  media.  It  will  be  seen,  therefore,  that 
the  mere  presence  of  epidermal  scales  in  a  chronic  middle- 
ear  suppuration  does  not  in  any  sense  constitute  or  portray 
the  distinctive  features  of  cholesteatoma.  Epidermal  layers 
are  an  integral  part  and  essential  to  ultimate  completeness 
of  the  finished  product,  but  this  end  is  not  accomplished 
until  the  underlying  osseous  structure  becomes  involved, 
and  the  perforating  epidermis  degenerates  into  excessive 
pathological  proliferation,  and  the  course  of  evolution 
through  wiiich  it  passes  is  completed. 

To  some  extent  hyperplasia  of  the  epithelium  occurs 
in  all  cases  of  chronic  otitic  suppuration,  but  these  forma- 
tions cannot  acquire  the  typical  cholesteatomatous  state 
until  they  are  excessive  and  have  remained  amid  the  envi- 
ronment of  the  middle  ear,  attic  or  antrum  sufficiently  long 
to  pass  through  the  distinctive  cholesteatomatous  evolu- 
tion. 

The  admittance  of  moisture  in  some  instances  causes 
decomposition  of  the  mass,  which  is  followed  by  the  forma- 
tion of  granulation  tissue  or  even  polypoid  growths,  and 
this  in  turn  favors  the  spreading  of  septic  material  to  the 
meninges,  brain  and  blood  vessels  through  the  osseous 
deficiencies  incident  to  the  changes  resulting  from  press- 
ure necrosis,  the  extent  of  which  is  dependent  almost 
wholly  on  the  size  of  the  ever-increasing  mass. 

Granulation  tissue  or  polypoid  growths  originating 
in  Shrapnell's  membrane,  more  particularly  in  the  supe- 
rior-posterior   quadrant,    are,    in    my    experience,   almos't 
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always  the  outgrowth  of  cholesteatomatous  masses 
occupying  the  attic  and  sometimes  the  antrum  also.  When 
the  lower  part  of  the  membrana  tympani  is  intact,  the  char- 
acteristic sound  produced  by  inflation  is  not  heard,  owing 
to  the  fact  that  the  mass  in  tlie  upper  part  of  the  cavity 
seals  oflf  the  opening  in  Shrapnell's  membrane.  In  such 
instances  it  is  not  uncommon  for  the  incus,  the  head  of 
the  malleus  and  their  ligaments  to  be  absorbed  through 
pressure  necrosis. 

Pressure  atrophy  and  consequent  necrosis  due  to  cho- 
lesteatoma have  been  the  principal  underlying  factors  in 
virtually  all  of  the  cases  of  the  so-called  nature's  radical 
mastoid  operation  that  I  have  observed.  On  the  other 
hand,  I  recall  several  patients  in  whom  the  cavities  of  the 
antrum  and  middle  ear  were  wholly  exposed,  through 
nature's  operation,  and  yet  were  both  dry  and  empty. 

Cholesteatomata  not  only  offer  a  most  favorable  breed- 
ing ground  for  the  rapid  multiplication  of  organisms,  but 
the  very  nature  of  their  component  parts  serves  to  protect 
the  germs  and  the  new  pabulum  as  it  is  secreted  against 
our  efforts  at  extinction  by  means  of  antiseptics,  germi- 
cides and  so  on.  Our  chief  reliance,  therefore,  as  an  initial 
step  for  relief  lies  in  surgical  intervention. 

The  cholesteatoma  described  by  Virchow,  a  hetero- 
plastic new  growth  of  congenital  origin,  must  1>e  differen- 
tiated from  that  long  since  recognized  by  aurists,  which  is 
always  secondary  to  a  chronic  otorrhea.  I  doubt  very 
much  whether  a  suppurative  otitis  media  is  ever  caused  pri- 
marily by  cholesteatoma,  as  intimated  by  Harvey  Gushing, 
(5),  if  so,  then  our  conceptions  of  the  etiology  and  histol- 
ogy of  otitic  cholesteatoma  must  undergo  complete  re- 
vision. 

I  have  read  with  much  interest  the  informative  contri- 
butions of  Harvey  Gushing  (6)  and  Percival  Bailey  (7)  re- 
ferring to  extradural  cholesteatomata.  After  reviewing 
several  cases  by  various  authors.  Gushing  states  that 
"these  cases  constitute  a  group  of  true  epidermal  choles- 
teatomata which  are   extradural  and  appear  to  originate 
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between  the  two  tables  of  the  skull.  The  tables  become 
separated,  thinned  by  pressure,  and  finally  absorbed,  the 
inner  table  as  a  rule  suffering  more  than  the  outer. 

Unquestionably  the  removal  of  the  epidermal  membrane 
is  the  crux  of  the  procedure  and  this  can  only  be  accom- 
plished before  the  cyst  is  emptied  of  its  contents  and  its 
enveloping  membrane  permitted  to  collapse.  Incomplete 
removal  of  the  lining  wall  is  doubtless  the  explanation  of 
the  recurrences  so  common  after  operation  by  otologists 
for  the  cholesteatomata  of  the  temporal  bone  which  come 
almost  solely  into  their  province." 

From  the  fact  that  otitic  cholesteatoma  does  not  usu- 
ally develop  until  the  soft  parts  have  been  mostly  destroyed 
and  the  bone  involved  at  least  in  a  simple  erosion,  it  is 
evident  that  aurists  do  not  encounter  the  distinctive  "lin- 
ing wall"  referred  to  by  Gushing,  and  furthermore,  it 
seems  to  be  generally  conceded  that  recurrences  in  otitic 
cases,  to  which  he  alludes,  are  the  result  of  a  subsequent 
outgrowth  of  the  mass  which  has  penetrated  the  Haver- 
sian canals,  and  not  to  incomplete  removal  of  an  assumed 
"lining  wall." 

In  operating,  it  is  of  course  our  object  to  remove  as 
thoroughly  as  possible  all  new  connective  tissue,  as  well 
as  other  inflammatory  debris,  and  I  feel  that  we  ac- 
complish our  object  reasonably  well,  especially  when  due 
consideration  is  given  to  the  dangers  and  difficulties  en- 
countered in  the  field  of  operation,  which  includes  the  thin 
plates  of  bone  covering  the  Fallopian  canal  conveying  the 
tympanic  branch  of  the  facial  nerve,  the  carotid  artery, 
the  jugular  bulb,  various  parts  of  the  labyrinth  and  the 
lateral  sinus. 

Bailey  (8)  intimates  that  Cruveilhier's.  "pearly  tumors" 
are  never  found  in  the  temporal  bone  complicating  a 
chronic  suppurative  otitis  media.  It  may  be  true  that  otitic 
cholesteatomata  do  not  contain  all  of  the  characteristics 
of  this  classic  type,  as  demonstrated  by  laboratory  findings, 
and  yet  from  a  clinical  viewpoint  some  answer  to  this  de- 
scription in  almost  every  detail.     After  all,  may  it  not  be 
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a  reasonable  assumption  that  these  extradural  cholestea- 
tomata  had  their  origin  in  a  former  otitic  disease  of  the 
type  that  assumed  a  spontaneous  cure?  If  otology  is  to 
be  deprived  of  the  distinctive  position  it  has  maintained 
relative  to  the  etiology  and  histology  of  otitic  cholesteato- 
mata,  it  will  at  least  require  much  additional  research  and 
clinical  observation  before  surrender  of  our  seemingly 
well-established  facts  will  be  acknowledged. 

In  order  to  secure  permanent  relief,  cholesteatomata 
must  be  removed  in  their  entirety  so  far  as  this  is  possible. 
Even  then,  if  the  suppuration  continues,  the  irritation  re- 
sulting is  apt  to  cause  recurrence,  and  when  the  suppura- 
tion ceases,  continued  desquamation  and  proliferation  are 
very  apt  to  bring  about  the  same  result.  It  is  evident, 
therefore,  that  the  two  objects  to  be  attained  after  removal 
of  the  mass  are  cessation  of  the  discharge  and  cessation  or 
limitation  of  pathologic  proliferation.  I  believe  that  we 
have  at  our  command  corrective  agencies  to  accomplish 
both  of  these  results  in  a  favorable  percentage  of  cases. 
Skin-grafting,  especially  as  practised  by  Dench,  after 
Ballance,  seems  to  give  very  satisfactory  results.  For 
those  of  us  who  are  not  so  skilled  in  this  procedure,  pack- 
ing the  cavity  with  small  strips  of  gauze  thoroughly  moistened 
with  a  1/1000  or  1/500  solution  of  Acriflavine  (the  former 
strength  being  mostly  used),  will  prevent  the  recurrence 
of  cholesteatomata  in  many  cases  even  of  the  most  obsti- 
nate type.  This  packing  must  be  renewed  at  first  every 
day,  then  every  third  or  fourth  day,  until  all  evidence  of 
further  discharge  or  proliferation  has  ceased.  Should 
there  be  evidence  of  recurrence  afterwards,  I  have  found 
a  liberal  application  of  a  1%  or  stronger  solution  of  Mercu- 
rochrome  to  be  quite  efficacious ;  in  fact,  at  this  stage  Mer- 
curochrome  gives  even  better  results  than  a  continuation 
of  the  Acriflavine. 

After  all,  we  must  consider  the  complete  eradication 
of  cholesteatoma  as  not  only  difficult,  but  in  some  cases 
perhaps  impossible  of  accomplishment,  from  the  fact  that 
even  in  slightly  eroded  bone  the  mass  will  force  its  way 
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into  the  Haversian  canals,  forming  focal  centers  from 
which  it  may  develop  in  the  future. 

I  have  been  using  Acriflavine  for  about  three  years  in 
the  treatment  of  cholesteatoma,  and  Mercurochrome  for 
a  somewhat  shorter  time,  and  although  sufficient  time  has 
not  elapsed  for  me  to  make  a  definite  statement  as  to 
the  permanent  benefit  thus  derived,  this  treatment  does 
seem  not  only  to  inhibit  the  formation  of  cholesteatoma, 
but  acts  almost  as  a  specific  against  recurrence  .after 
thorough  removal. 

A  sane  rule  to  follow  is  that  when  a  diagnosis  of  cho- 
lesteatoma has  been  made,  or  even  when  there  is  a  strong 
probability  of  its  existence,  surgical  intervention  should  be 
recommended  if  the  case  does  not  yield  promptly  to  non- 
surgical treatment. 

When  there  is  sufficient  reason  to  believe  that  the 
process  is  limited  to  the  tympanic  cavity,  operation  through 
the  external  canal  is  justified.  This  operation  necessarily 
includes  removal  of  any  granulation  tissue  and  polypi  that 
so  frequently  accompany  cholesteatoma,  as  well  as  excision 
of  the  fragments  of  the  membrana  tympani,  malleus  and 
incus.  Following  removal  of  the  mass,  and  ossiculectomy, 
packing  with  Acriflavine  solution,  1/1000,  followed  by  the 
use  of  Mercurochrome.  as  above  described,  should  be  car- 
ried out  carefully  to  correct  the  otorrhea  and  prevent  the 
'  return  of  pathologic  proliferation. 

The  report  of  the  case  I  referred  to  above  follows : 

J.  \V.,  male,  aged  3i  years,  locomotive  engineer.  Well- 
nourished,  apparently  enjoying  best  of  health,  very  alert 
mind.    Good  habits,  and  denied  venereal  infection. 

Suppurative  otitis  media,  recurrent  in  type,  extending 
over  a  number  of  years.  Six  years  ago  otorrhea  ceased 
for  four  years,  although  patient  admitted  "a  slight  moist- 
ure in  the  ear"  at  times  in  the  interval.  Two  years  prior 
to  operation  an  acute  exacerbation  followed  the  entrance  of 
water  into  the  ear,  causing  earache,  pain  in  head,  vertigo 
and  emesis  for  a  brief  time.  Discharge  of  varying  quantity 
was  constant  from  this  date,  until  relieved  by  operation. 
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Latterly  the  discharge  was  scanty,  brownish-yellow,  blood- 
streaked,  and  offensive.  Patient  stated  that  his  ear  "was 
punctured,"  whatever  this  procedure  may  have  been,  at 
onset  of  exacerbation,  and  the  discharge  continued  to  be 
sariguinolent  during  the  intervening  two  years.  Patient 
was  free  from  all  general  symptoms  but  soug'ht  relief  from 
an  annoying  discharge. 

Left  ear  normal.  IVlembrana  tympani  of  right' ear 
largely  destroyed.  Granulation  tissue  and  what  seemed 
to  be  a  cholesteatomatous  mass  protruded  through  a  large 
opening  in  the  superior-posterior  quadrant  and  the  necrotic 
opening  in  the  adjacent  posterior  osseous  wall.  No  ossi- 
cles observable.  Nothing  abnormal  revealed  by  ocular 
examination.  Chest  normal  with  the  exception  of  a  few- 
rales,  the  result  of  a  recent  cold.  Abdominal  examination 
negative.    Blood  examination  and  urinalysis  normal. 

A  radical  mastoid  operation  was  performed.  Cortex 
extremely  hard  and  thick.  Cells  below  level  of  antrum, 
having  undergone  sclerotic  changes,  were  filled  in  with 
solid  ivory-like  bone.  Antrum  of  normal  size,  filled  with  a 
cholesteatomatous  mass,  some  granulation  tissue  and  a 
very  little  free  pus.  Through  the  destroyed  tegmen  antri 
and  tympani  this  cholesteatomatoiis  mass  pushed  its  way 
into  the  interior  of  the  skull,  forcing  the  dura  before  it 
through  the  temporal  region  to  a  depth  of  about  1^  inches. 

Before  reading  Cushings's  instructive  monograph  (9) 
wherein  he  reports  a  cholesteatoma  the  size  of  an  adult 
fist,  weighing  175  grams,  four  inches  in  diameter,  and  not 
producing  any  general  symptoms  indicative  of  its  presence, 
I  hesitated  to  report  this  case,  as  I  could  not  conceive  that 
the  dura  could  be  reflected  to  such  an  extent  without  caus- 
ing some  symptoms. 

The  opening  through  the  tegmen  antri  and  tympani 
was  much  smaller  than  the  cavity  beyond,  so  that  the  mass 
ballooned  considerably  at  its  distal  boundary.  This  choles- 
teatomatous mass  was  first  removed  from  the  antrum  and 
then  from  the  ballooned  intracranial  cavity.  On  account 
of  the  possibility   of   inducing  a   meningitis   in  a   healthy. 
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ambulatory  case,  no  attempt  was  made  to  remove  the 
growth  en  masse,  so  I  can  only  say  that  the  tumor,  approxi- 
mated in  size  a  small  pear.  It  had  every  characteristic 
of  a  typical  otitic  cholesteatoma.  The  walls  of  the  resulting 
cavity  pulsated  noticeably  on  the  removal  of  the  mass. 

The  cavity  was  packed  with  a  1/1000  Acrifla,vine  solu- 
tion, this  being  changed  every  day.  The  patient  made 
an  uneventful  recovery  and  is  now  following  his  usual  oc- 
cupation. 

As  this  was  the  first  growth  of  this  type  that  I  had 
seen  involving  the  interior  of  the  skull,  I  asked  my  col- 
league. Dr.  J.  Clarence  Keeler,  who  assisted  in  the  opera- 
tion, to  furnish  me  his  own  estimate  of  its  position  iand  size. 
This  he  gave  as  follows : 

"The  cavity,  which  was  filled  with  cholesteatoma,  ap- 
peared to  be  in  the  brain  tissue,  walled  ofif  by  a  thin  layer 
of  connective  tissue.  The  walls  pulsated  after  the  cavity 
was  evacuated.  Location  and  size  of  cavity  ineasured  by 
memory  on  an  adult  temporal  bone :  Cavity  was  above 
the  tentorium  and  extended  along  the  anterior  bar  of  the 
petrous  bone  to  the  extent  of  IJ/2  inches.  About  5-16  of 
an  inch  of  the  brain  cortex  formed  the  outer  wall  lying 
next  to  the  internal  surface  of  the  squamous  plate,  which 
did  not  appear  to  be  involved.  The  upper  depth  of  the 
cavity  was  about  -/i  of  an  inch.  The  cavity  extended  up- 
ward, forward  and  inward  as  given  per  measurements,  with 
a  width  of  about  ^  of  an  inch." 
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Discussion. 

Dr.  Edward  B.  Bench,  New  York  City:  I  am  glad  Dr. 
Smith  brought  up  this  subject.  The  pathology  of  these 
growths  is  confusing.  With  cholesteatoma  of  the  middle 
ear  we  have  an  explanation.  German  pathologists  describe 
it  as  an  ingrowth  of  epithelium  from  the  margins  of  this 
perforation  into  the  middle  ear.  The  first  radical  operation 
I  ever  did  and  the  first  of  its  kind  in  this  country  was  in 
1891,  immediately  following  an  article  which  was  published 
the  same  year  in  Arch.  f.  Orenheilkunde.  The  growth  was 
the  largest  I  had  ever  seen.  I  exposed  the  cerebellum  and 
dura  in  front  of  the  sinus  in  order  to  remove  the  growth.  I 
would  like  to  ask  Dr.  Smith  if  he  has  followed  the  technic 
advocated  by  Sir  James  Dundas  Grant,  in  leaving  the 
basement  membrane  of  the  cholesteatoma.  He  thinks  it 
adds  to  the  dermatization  of  the  walls.  I  have  always 
curetted  down  to  the  bone  to  remove  island  of  choleste- 
atoma which  are  liable  to  give  rise  to  recurrence.  If  you 
have  a  smooth  layer  of  bone  you  won't  get  recurrence. 
My  early  cases  did  not  do  as  well  as  the  later  cases.  I 
worked  down  to  smooth  bone  and  then  did  a  graft  by  the 
Ballance  method.  In  regard  to  recurrence  in  these  cases, 
in  operating  upon  suppurative  otitis  media  where  there  is 
no  demonstrable  cholesteatoma,  if  you  line  the  operative 
cavity  with  skin  graft  and  where  there  is  a  meatus  of  ade- 
quate size  (or  sometimes  inadequate)  we  are  likely  to  have 
a  train  of  symptoms  or  conditions  which  closely  resemble 
cholesteatoma.  The  epithelium  which  is  grafted  into  the 
middle  ear  has  to  become  accustomed  to  its  new  habitat. 
The  circulation  is  poor  and  a  large  mass  of  epithelium  will 
accumulate  in  the  canal  which  must  be  removed  from  time 
to  time.  We  find  ulceration  of  the  epithelium  lining  the 
cavity.  We  have  a  desquamation  involving  the  whole  lining 
of  the  cavity,  red  and  weeping  as  the  surface  of  the  skin  in 
acute  eczema.  In  a  number  of  cases  operated  on  by  my- 
self and  by  other  men,  the  question  was  raised  as  to 
whether  another  operation  was  necessary.     The  cases  will 
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clear  up  if  the  desquamating  epithelium  is  cleared  up  with 
peroxide  of  hydrogen.  It  is  necessary  to  get  into  every 
part  of  the  cavity.  I  look  away  back  into  the  cavity  and  I 
caution  my  assistants  not  to  leave  epithelium.  The  less 
perfect  the  cleansing,  the  easier  it  is  to  leave  epithelium. 
It  must  all  be  taken  out  at  one  sitting.  If  you  use  95  or 
66  per  cent,  alchohol  (the  weaker  is  less  painful)  you  can 
clean  out  the  cavity  then  dry  the  cavity  well,  subsequently 
dusting  in  equal  parts  of  boric  acid  and  scarlet  red  powder. 
This  will  cause  disappearance  of  all  discharge  and  forma- 
tion of  a  thin,  pinkish  cutaneous  membrane  in  the  cavity. 

Dr.  J.  S.  Fraser  (by  invitation)  said:  This  is  a  very 
complete  account  of  cholesteatoma.  I  believe  that  choles- 
teatoma is  the  end  stage  of  chronic  middle  ear  suppura- 
tion. One  meets  with  the  same  changes  in  the  nose  in 
chronic  purulent  rhinitis  (ozena)  and  also  in  chronic  sinu- 
sitis. That  is  one  sees  a  reversion  of  the  epithelial  lining  of 
the  cavities  to  the  squamous  cell  type.  In  a  section  of  a 
bronchiectatic  cavity  of  the  lung  the  walls  are  lined  by  squa- 
mous epithelium.  I  do  not  think  we  can  say  that  the  epith- 
elial squamous  cells  have  wandered  down  from  the  mouth 
to  the  lung.  I  think  it  is  metaplasia,  and  that  this  also  is 
the  cause  of  cholesteatoma.  I  have  found  in  Edinburgh 
that  with  the  presence  of  B.  proteus  vulgaris  that  these 
cases  were  very  unfavorable.  In  these  cases  where  choles- 
teatoma is  found  at  operation  the  tissue  closely  resembles 
that  in  which  the  organisms  are  found  in  pure  culture. 

Dr.  Perry  Goldsmith,  Toronto :  The  study  of  this  dis- 
ease is  closely  associated  with  the  name  of  Sir  James  Grant. 
He  tries  to  preserve  the  matrix  in  cholesteatoma  cases.  I 
have  tried  this,  but  not  successfully.  There  can  still  be 
seen  little  saucer  shaped  depressions  underneath.  The  dis- 
ease involves  more  than  the  matrix  and  perhaps  the  super- 
ficial part  of  this  cavity.  In  regard  to  using  alchol,  I  think 
therapeutic  action  would  be  increased  by  addition  of  salicy- 
lic acid,  which  tends  to  dissolve  cholesteatomatous  cells. 
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just  as  it  dissolves  corneal  sloughs.  In  regard  to  one 
case  seen  12  years  ago,  a  young  lady  had  a  chronic  suppura- 
ting ear,  there  was  a  picture  of  cholesteatoma  with  definite 
vestibular  symptoms.  I  have  seen  her  from  time  to  time 
and  have  used  the  salicylic  acid  if  the  ear  drips.  There  is 
occasional  moisture.  Six  weeks  ago  she  fell  down  in  the 
street  from  vertigo.  She  was  carried  home.  She  then 
stayed  in  bed  for  a  week.  I  found  the  attic  full  of  choles- 
teatoma, but  not  wet.  I  did  a  radical  operation.  I  wanted 
to  do  it  before  but  she  refused.  I  felt  the  vestibule  and  the 
external  semicircular  canal.  The  mastoid  was  a  small  acel- 
lular  one  and  the  mastoid  antrum  was  eroded.  When  I 
pressed  on  the  vestibule  she  would  get  vertigo. 

Dr.  L.  E.  White,  Boston :  I  saw  Cushing  remove  one 
of  the  large  cholesteatomata.  I  was  surprised  at  the  size 
of  it.  It  looked  as  large  as  a  man's  fist.  It  was  in  the  re- 
gion anterior  to  the  ear.  I  asked  if  it  was  connected  with 
the  ear.  He  said  it  did  not.  It  did  not  look  like  the 
ordinary  cholesteatoma.  It  did  not  have  the  same  offen- 
sive appearance  and  odor.  Another  point  I  should  like  to 
mention  is  in  regard  to  the  lining  of  the  cavity  in  which 
we  find  the  cholesteatoma.  I  leave  the  inner  lining  and 
clean  out  the  mastoid  in  the  region  of  the  sinus  and  teg- 
men.  So  far  as  I  know  the  results  have  been  satisfactory. 
I  remember  a  case  operated  on  by  Dr.  Greene  in  which 
the  whole  inner  cavity  of  the  mastoid  was  eaten  away. 
There  was  a  very  thin  cortex  and  an  enormous  cholesteat- 
oma. The  mass  had  eroded  the  whole  cavity  and  exposed 
the  sinus.  In  another  case  of  a  child  with  extensive  choles- 
teatoma I  kept  scraping  into  the  bone  and  finally  I  had  an 
enormous  space  to  fill  in  with  epidermatization. 

Dr.  B.  Alex.  Randall,  Philadelphia :  The  views  ex- 
pressed by  the  general  pathologist  are  probably  correct. 
Virchow  indicated  that  'pearl-tumor'  could  take  its  rise 
from  any  part  of  the  inner  table  of  the  cranial  cavity,  but 
the  most  frequent  site  was  the  temporal  bone.  He  regarded 
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it  as  a  true  tumor  akin  to  the  pearl  bodies  of  epithelioma 
but  not  related  to  the  tympanic  cavity,  where  the  similar 
laminated  masses  were  mere  secondary  collections.  In  a 
paper  thirty-odd  years  ago  I  maintained  that  all  chronic 
suppurations  of  the  middle  ear  were  due  to  cholesteatoma. 
The  few  exceptions  prove  the  rule.  Just  as  we  have  in  the 
matrix  of  the  nail  epidermal  cells  of  the  horny  type  grow- 
ing in  one  direction,  so  the  tympanic  membrane  is  vascu- 
larized along  the  manubrium,  getting  here  its  best  nutrition 
and  its  most  rapid  epidermal  proliferation.  Patches  of 
paper  stuck  on  the  drurhhead  show  like  superficial  extra- 
vasations, a  migration  from  the  center  to  the  margin 
(Blake).  The  drumhead  has  to  be  kept  clear  of  desquam- 
mating  cells,  so  only  when  they  have  passed  onto  the  walls 
are  these  exfoliated.  The  tendency  of  drumhead  perfora- 
tions is  to  heal  by  union  of  granulations  of  epidermal  ori- 
gin bridging  the  gap ;  if  this  fails,  the  epidermis  invades 
the  mucous  cavity,  'skinning  over'  the  perforation-margins 
and  displacing  the  ciliated  cells  of  the  mucosa,  where  super- 
abundance of  nutrition  quickens  their  extraordinary  prolif- 
eration. Nature  is  able  with  the  ciliated  cells  of  the  tym- 
panum to  sweep  down  the  tube  the  serous  and  mucous 
debris  of  the  break-down  of  the  normal  lining,  but  incapa- 
ble of  removing  epidermal  flakes.  These  collect,  there- 
fore, stimulating  by  their  irritating  presence  the  rapidity 
of  the  vicious  circle,  more  completely  displacing  the  ciliated 
epithelium  and  laminating  into  the  concentric  pearly 
masses  with  which  we  are  so  unpleasantly  familiar.  Their 
degenerative  changes  are  slight  yet  provocative  of  insurrec- 
tionary growth  of  granulation  tissue  to  push  them  out  and 
of  purulent  flow  to  wash  them  away ;  while  the  infection 
present  is  fanned  to  extra  virulence  and  the  cavities  are 
enlarged  by  their  pressure.  They  have  none  of  the  malig- 
nancy of  true  tumors ;  but  they  can  break  through  the  bony 
surroundings  and  invade  the  brain-cavity  or  its  sinuses 
with  their  recurrent,  destroying  and  infecting  masses. 
Hence  our  sometimes  exaggerated  dread  of  marginal  per- 
forations, chronic  suppurations  and  cholesteatoma. 
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Dr.  J.  A.  Stucky,  Louisville,  Ky. :  My  results  in  the 
use  of  mercurochrome  in  two  cases  in  which  I  have  used  it 
in  cholesteatoma  have  been  very  gratifying.  In  neither 
case  had  any  surgical  treatment  been  given.  One  was 
treated  over  one  year  ago,  the  patient  is  still  under  obser- 
vation but  with  no  return  of  the  trouble.  The  method 
of  using  the  drug  I  have  found  to  be  very  important.  The 
cavity  is  first  to  be  cleansed  as  thoroughly  as  possible  and 
dried  with  pledgets  of  cotton  and  a  four  per  cent  solution 
of  mercurochrome  applied  either  on  a  cotton  carrier  or 
better  still  put  a  drop  into  the  middle  ear,  having  the  pa- 
tient in  a  recumbent  position.  No  cotton  is  left  in  the  ear. 
There  is  frequently  slight  unpleasantness  but  no  pain,  and 
the  watery  discharge  w'hich  follows  is  to  be  mopped  out 
with  pledgets  of  cotton,  but  no  cotton  left  in  the  external 
ear.  In  the  two  cases  I  mentioned  there  was  complete  de- 
struction of  the  upper  posterior  part  of  the  drum,  and  in 
one  case  this  discharge  was  ver}-  offensive,  but  was  de- 
stroyed after  the  secc^iul  application  of  mercurochrome.  I 
find  use  of  the  drug,  every  third  day  to  be  often  enough,  and 
if  used  more  frequently  it  causes  decided  irritation.  It  is 
discontinued  as  soon  as  there  is  no  discharge  or  odor  and 
the  parts  seem  dry  and  of  a  dark  red  color,  which  is  caused 
by  the  absorption  of  the  drug. 

Dr.  S.  MacCuen  Smith  (closing) :  I  tried  to  bring  out 
that  it  is  a  pathological  proliferation  of  the  epithelium 
which  constitutes  cholesteatoma.  Collections  of  epithelium 
either  in  the  external  auditory  canal  or  middle-ear  cavity 
that  have  not  undergone  pathological  proliferation  cannot 
be  classed  as  otitic  cholesteatomata. 

A  patient  on  whom  I  performed  a  radical  mastoid 
operation,  the  ear  remaining  dry  for  a  period  of  about  ten 
years,  when  a  slight  discharge  appeared,  consulted  Doctor 
Dench  to  get  his  opinion  as  to  the  advisability  of  having  a 
skin  graft.  Doctor  Dench  made  an  application  of  scarlet 
red  and  boric  acid,  as  described  by  him,  which  caused  an 
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immediate  cessation  of  the  discharge,  which  had  not  re- 
appeared when  I  saw  this  patient  some  months  later. 

Dr.  Dench :  Dr.  Smith  had  done  a  beautiful  operation 
in  that  case.  No  graft  was  necessary  and  two  applications 
of  scarlet  red  were  sufficient.  In  two  months  the  ear  was 
perfectly  dry. 


THE  OTOLOGIST  IN  THE  FIELD  OF  SOCIOLOGY. 
(THE    ALLIANCE    OF    MEDICAL    AND     SOCIAL 
SCIENCES   IN   THE  PREVENTION  AND   PALLIA- 
TION OF  ACQUIRED  DEAFNESS). 

By  WENDELL  C.  PHILLIPS,  M.  D.,  Xew  York  City. 

Luke,  the  beloved  physician,  records  an  incident  in  the 
life  of  the  Nazerene  when  a  certain  lawyer  sought  a  reply  to 
the  question  "Who  is  my  neighbor  ?"  His  reply  was  as  follows  : 
"A  certain  man  went  down  from  Jerusalem  to  Jericho,  and  fell 
among  thieves,  which  stripped  him  of  his  raiment,  and  wounded 
him,  departed,  leaving  him  half  dead.  And  by  chance  there 
came  down  a  certain  priest  that  way ;  and  when  he  saw  him,  he 
passed  by  on  the  other  side.  And  likewise  a  Levite,  when  he 
was  at  the  place,  came  and  looked  on  him,  and  passed  by  on  the 
other  side.  But  a  certain  Samaritan,  as  he  journeyed,  came 
where  he  was ;  and  when  he  saw  him,  he  had  compassion  on 
him.  And  went  to  him,  and  bound  up  his  wounds,  pouring  in 
oil  and  wine,  and  set  him  on  his  own  beast,  and  brought  him 
to  an  inn,  and  took  care  of  him.  And  on  the  morrow  when  he 
departed,  he  took  out  two  pence,  gave  them  to  the  host,  and  said 
unto  him:  "Take  care  of  him;  and  whatsoever  thou  spendest 
more,  when  I  come  again,  I  will  repay  thee.  Which  now  of 
these  three,  thinkest  thou,  was  neighbor  unto  him  that  fell 
among  thieves  ?"  The  lawyer  answered :  "He  that  shewed 
mercy  on  him."  "Then,"  said  the  Nazerene,  "Go,  and  do  thou 
likewise."  To  the  physician  disciple  this  parable  must  have 
made  a  strong  appeal,  for  to  the  physician,  not  only  on  account 
of  the  nature  of  his  avocation  and  the  Hippocratic  oath  to  which 
he  has  subscribed,  but  because  of  the  human  element  in  his  expe- 
rience and  training,  responsibility  as  neighbor  to  his  patient 
becomes  imperative.  The  peculiar  psychology  surrounding  his 
deafened  patient  vastly  enhances  this  responsibility.  Every 
handicap  in  human  experience  has  its  psychological  bearings ; 
every  calamity  in  life  its  woes;  but  none  except  obvious  fatal 
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diseases  provokes  more  absolute  helplessness  and  depression 
than  defective  hearing. 

In  the  presence  of  this  audience  of  otologists  I  need  not 
attempt  to  enlarge  upon  this  phase  of  the  hearing  problem.-  I 
know  of  no  more  trying  experience  than  to  be  called  upon  by 
a  deafened  patient  to  give  a  final  opinion,  when  no  hope  of 
permanent  improvement  may  be  held  out.  We  older  otologists 
frequently  are  obliged  to  face  this  ordeal.  In  the  functioning 
of  this  experience  the  prevention  of  deafness  plays  no  part, 
for  in  every  instance  the  days  of  prevention  have  passed.  Like- 
wise in  the  majority  of  cases  no  well  founded  hope  for  im- 
provement can  conscientiously  be  vouchsafed.  We  must  face 
the  bald  facts  surrounding  his  deafened  condition,  not  only  in 
the  patient's  interest,  but  it  must  be  in  a  manner  that  will  pre- 
serve our  own  integrity  and  honesty  of  purpose.  At  this 
very  point  arises  the  otologist's  opportunity  to  become  his 
patient's  neighbor  in  the  highest  sense,  and  it  is  here  that  he 
may  profitably  enter  the  field  of  sociology,  at  least  so  far  as 
sociology  as  a  science  may  pertain  to  the  welfare  of  his  deafened 
patient.  It  is  one  thing  for  the  otologist,  after  having  conducted 
all  the  hearing  tests,  to  conscientiously  tell  a  deafened  person, 
even  in  the  kindest  way,  that  his  deafness  must  remain  perma- 
nent. It  is  quite  another  attainment  to  go  to  the  necessary 
length  of  demonstrating  to  him  how  to  overcome  his  handicap. 
The  first  is  an  ordinary  professional  bu.siness  transaction,  the 
second,  requires  time,  self-sacrifice  and  toil  beyond  the  realm 
of  financial  remuneration.  The  otologist  who  contents  himself 
with  the  rendering  of  his  scientific  opinion  only,  must  be  classed 
with  the  Priest  or  the  Levite  who  came  and  looked  on  and 
passed  by  on  the  other  side.  The  citation  of  a  few  experiences 
will  serve  to  illustrate : 

A  boy  of  fourteen  summers  whose  mother  stated  to  a  social 
worker  that  she  had  formerly  consulted  a  number  of  otologists, 
who  all  agreed  that  her  son's  deafness  was  incurable,  but  they 
failed  to  tell  her  what  could  be  done  to  lessen  the  handicap.  At 
last  .she  consulted  another  otologist  (not  the  writer)  who  is 
deeply  interested  in  organization  work  for  the  deafened  and 
who  is  constantly  in  touch  with  its  workers.     He  told  her  that 
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her  son  must  study  lipreading  without  delay ;  that  his  vocation 
must  be  carefully  selected  and  his  whole  trend  of  life  guided  in 
the  direction  of  an  avocation  which  he  could  fill  with  satisfac- 
tion to  himself  and  to  his  friends.  He  was  placed  in  a  private 
school  of  lipreading.  Later  he  entered  a  high  school,  taking  a 
cooperative  industrial  course,  and  finally  landed  a  remunerative 
job.  His  mother's  gratitude  overflowed  her  vocabulary,  her 
problem  was  solved  at  last.  "That  -  that  -  is  a  hero  man,"  was 
her  cry. 

A  young  woman  of  about  twenty-two  years  of  age  con- 
sulted one  of  the  most  distinguished'  members  of  this  Society. 
His  attitude  was  friendly,  his  examination  thorough,  every  test 
complete  and  painstaking;  leaving  nothing  unaccomplished  that 
could  add  to  the  thoroughness  or  value  of  his  scientific  opinion. 
Upon  completion  of  the  examination  he  told  her  plainly  that 
her  deafness  was  permanent  and  that  no  form  of  treatment 
held  out  any  hope  for  permanent  amelioration.  She  paid  his 
fee  and  went  home  to  spend  the  days  of  agony,  hopelessness 
and  despondency  of  those  who  must  remain  in  the  "silent  land." 
She  saw  no  ray  of  hope  either  in  the  way  of  occupation,  of  so- 
cial enjoyment  or  of  education,  the  whole  world  was  dark. 
Finally,  some  friend  persuaded  her  to  consult  another  otologist, 
who  arrived  at  exactly  the  same  hearing  results,  but  who  de- 
voted the  required  time  in  an  endeavor  to  open  the  door  of  hope. 
He  explained  to  her  that  her  defect  was  her  peculiar  handicap, 
that  people  all  over  the  world  with  few  exceptions  were  victims 
of  one  handicap  or  another.  He  explained  the  peculiar  psycho- 
sis of  deafness ;  how  it  grappled  with  ones  optimism ;  he  related 
incidents  where  people  far  worse  than  she  had  come  into  lives 
of  comparative  happiness  and  usefulness;  he  urged  her  in  the 
strongest  terms  to  rebuild  her  life  on  the  basis  of  her  handicap 
by  making  a  careful  study  of  lipreading,  by  using  artificial  aids 
for  hearing,  by  associating  herself  with  other  deafened  people 
in  the  field  of  social  service  work,  and  by  preparing  for  remu- 
nerative employment.  She  was  introduced  to  the  social  service 
workers  in  the  New  York  League  for  the  Hard  of  Hearing 
and  entered  actively  into  its  work.  '  She  was  told  that  while 
no  direct  benefit  might  come  from  constant  treatment,  there 
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were  times  while  suffering  from  severe  colds  that  a  moderate 
amount  of  nasal  and  aural  treatment  would  be  beneficial.  It 
was  impressed  upon  her  that  she  should  remain  under  the  advice 
and  counsel  of  a  competent  otologist  who  would  be  primarily 
her  guide  and  counselor  r^arding  all  things  pertaining  to  the 
hearing  function.  She  responded  to  these  suggestions  with 
eagerness.  This  young  woman  has  completely  adjusted  herself 
to  her  handicap  and  is  happy.  She  is  following  a  useful  and 
remunerative  occupation.  She  is  becoming  a  competent  lip- 
reader,  and  strange  to  say,  actually  thinks  she  hears  better  than 
formerly. 

One  of  my  own  experiences  was  a  woman  of  about  thirty- 
three  years  of  age  from  a  distant  city  who  had  gradually  grown 
deaf  from  her  twentieth  year  with  oto-sclerosis.  I  was  called 
upon  to  say  the  final  word  and  could  not  conscientiously  evade 
the  responsibility.  She  was  despondent,  rebellious,  belligerent 
and  refused  to  be  comforted.  She  would  not  even  consent  to  in- 
vestigate the  various  artificial  aids  for  hearing,  I  finally  ob- 
tained her  consent  to  go  with  me  and  confer  with  some  people 
who  are  much  deafer.  I  called  at  her  hotel  and  took  her  to  our 
League  headquarters,  where  we  spent  an  hour  in  a  conference 
with  our  deafened  workers,  all  of  whom  are  happy  and  con- 
tented. We  persuaded  her  that  the  wearing  of  a  hearing  device 
tended  to  make  friends  and  to  retain  them,  for  the  reason  that 
one's  friends  are  glad  to  talk  into  the  hearing  device,  knowing 
that  no  special  effort  is  required.  She  was  shown  through 
the  various  departments,  educational,  vocational,  occupational, 
etc.  She  was  urged  to  make  a  study  of  lipreading  and  to  learn 
the  things  that  would  be  of  the  greatest  benefit  in  overcoming 
the  handicap  of  deafness,  and  finally  she  succumbed  to  the 
influence. 

Hundreds  of  cases  of  this  kind  might  be  cited  through 
various  organizations  of  the  hard  of  hearing  throughout  the 
land.  In  another  communication*  I  cited  the  case  of  a  boy 
who  had  gradually  grown  deaf  from  the  age  of  thirteen  until 
twenty.  When  he  graduated  from  high  school  he  refused  to 
enter  college,  stating  as  his  reason  that  he  did  not  like  to  impart 
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to  his  mother  that  he  was  afraid  to  go  through  the  same  deaf- 
ened experience  in  college  as  in  high  school.  It  was  at  this  time 
that  I  advised  him  to  join  our  League  for  the  hard  of  hearing 
and  take  advantage  of  its  various  departmental  work,  partic- 
ularly lipreading.  In  a  personal  communication  received  from 
him,  he  relates  his  League  experiences.  His  letter  says :  "I 
have  started  one  of  the  strangest  transformations  in  my  life. 
I  have  begun  to  look  at  the  world  in  a  different  light.  You  ad- 
vised me  to  join  the  lipreading  class  as  soon  as  possible,  and  I 
attended  one  at  the  League  rooms.  I  will  never  forget  my 
first  night  of  lipreading.  I  came  full  of  hope,  for  I  had  been 
told  that  lipreading  was  a  wonderful  thing  and  expected  to  learn 
the  entire  art  in  one  lesson.  How  my  hopes  were  dashed  to 
pieces.  All  around  people  were  nodding  their  heads  in  the 
negative  or  affirmative  as  the  case  might  be ;  at  times  they  would 
burst  out  in  laughter  at  something  the  teacher  had  said.  I  sat 
there  all  alone  watching  them  and  cursing  myself,  what  mock- 
ery, what  foolishness.  I  almost  cried,  but  as  time  went  on 
my  point  of  view  gradually  changed,  I  found  out  it  wasn't  so 
bad  after  all.  That  a  person  who  was  deafened  did  not  have 
to  isolate  himself  from  the  world.  At  the  present  time  I  have 
accomplished  a  great  deal  in  lipreading.  I  also  came  into  con- 
tact with  other  activities  of  the  club,  especially  its  social  life. 
I  have  taken  part  in  three  or  four  amateur  dramatic  perform- 
ances. I  joined  the  dancing  class;  in  fact,  my  entire  life  has 
been  changed  by  this  experience.  Sometimes  I  pinch  myself 
to  see  if  it  is  all  real.  Words  cannot  express  the  work  that 
the  young  women  of  the  League  are  performing.  Their  cheer- 
fulness and  happiness  takes  one  out  of  the  deepest  depths  of 
gloom  and  misery."  This  young  man  is  now  in  his  senior  year 
in  a  dental  school  and  is  accomplishing  his  work  with  very 
little  difficulty.  ' 

The  above  remarks  give  emphasis  to  the  fact  that  the  otol- 
gist's  responsibility  does  not  end  with  the  medical  care  of  his 
deafened  patient.  He  must  carefully  weigh  every  factor  that 
will  tend,  first,  to  the  elimination  of  his  hearing  defect,  provid- 
ing such  relief  is  possible,  but  in  the  more  serious  cases  he 
should  assume  the  attitude  .of  the  Samaritan  in  the  parable  and 
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become  the  neighbor,  the  teacher,  adviser  and  guide  of  his 
deafened  patient.  He  should  be  prepared  to  educate  the  pub- 
lic, particularly  along  the  lines  of  preventive  deafness ;  to  rec- 
ommend the  prophylaxis  in  individual  cases,  and  he  should  eft- 
courage  all  organized  efforts  to  ameliorate  the  unhappy  condi- 
tion of  deafened  people.  In  short,  the  otologist  together  with 
the  social  worker  in  charge  of  the  necessary  activities  for  the 
deafened,  must  impart  the  necessary  courage,  information  and 
hope  to  enable  him  to  rebuild  his  life  upon  the  new  basis.  "In 
the  metamorphosis  from  morbidity  and  shrinking  self-pity  to 
happiness  and  usefulness"  more  or  less  character  rebuilding 
and  readjustment  becomes  necessary. 

Sensible  Suggestions  From  The  Deafened  Individual's 
Standpoint. 

Mr.  John  de  Raismes  Storey,  in  an  article  on  the  "Psychol- 
ogy of  Deafened  People"*  emphasizes  the  necessity  of  over- 
coming the  obstacles  within  as  well  as  those  which  are  objective. 
Deafened  himself,  he  refuses  to  be  a  typically  deafened  man 
and  endeavors  to  be  successfully  deaf.  To  use  his  own  words : 
"By  that  I  mean,  he  must  strive  to  live  a  normal,  wholesome  life 
with  an  occupation  suited  to  his  capacity,  with  friends,  hobbies, 
wide  interests,  etc.,  and  not  to  let  his  affliction  affect  his  charac- 
ter except  beneficially."  "I  do  not  feel  that  the  deafened  man 
should  accept  a  humble  task  if  he  is  fitted  by  attainments  for  a 
better  one."  These  are  the  sentiments  of  a  deafened  man 
who  has  achieved  success  in  the  legal  profession  and  who  is 
in  active  practice  today. 

At  the  third  annual  meeting  of  the  American  Federation  of 
Organizations  for  the  Hard  of  Hearing,  held  in  Toledo,  June, 
1922,  interesting  papers  were  presented  by  deafenend  people 
representing  a  diversity  of  occupations.  "The  Deafened  Man 
in  Business  Life"  was  discussed  by  Mr.  Starling  W.  Childs  of 
New  York  City,  who  is  a  member  of  a  prominent  brokerage 
house.  "When  Dr.  Phillips  asked  me  to  come  here  he  gave  me 
as  a  subject.  The  Deafened  Man  in  Business**  and  I  took  it. 
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He  meant  me  to  discuss  this  from  my  own  experience  rather 
than  to  treat  it  along  more  theoretical  lines.  I  have  done  this, 
and  you  will  understand  that  what  I  have  to  say  today  I  have 
tested  and  found  true  by  the  best  of  tests—  day  by  day  experi- 
ence. And  by  the  same  token  you  will  also  understand  that  I 
am  not  dealing  with  the  man  who  is  totally  deaf,  but  rather 
with  the  question  of  how  people  who  suffer  from  various  de- 
grees of  impaired  hearing  may  be  expected  to  get  along  in  the 
world  of  affairs.  Persons  who  are  hard  of  hearing  hold  within 
themselves  the  key  to  their  own  destiny.  If  they  allow  them- 
selves to  be  weak,  discouraged  and  despondent  they  will  for  a 
time  receive  the  sympathy  they  obviously  seek,  but  if  they  per- 
sist the  chances  are  that  they  will  first  be  pitied,  then  endured, 
and  then  avoided.  Instead  of  weakly  deploring  our  hard 
lot,  we  should  strike  a  balance  (as  the  business  man  would  say) 
wherein  our  assets,  as  well  as  our  liabilities,  are  listed,  and  by 
steadily  conserving  the  former  and  improving  them,  we  can  be 
reasonably  sure  of  some  day  showing  a  balance  on  the  right  side 
of  the  ledger.  We  are  often  bored  by  friends  with  discussions 
of  their  general  ailments,  and  in  a  way  they  seem  proud  of  them, 
but  the  deafened  man — almost  never.  This  probably  arises 
from  the  fact  that  deafness  is  not  an  obvious  defect,  but  the  at- 
titude is  a  wholly  mistaken  one  and  is  sure  to  be  a  great  obsta- 
cle to  his  success.  Instead  of  concealment  and  vain  subterfuge, 
his  attitude  should  be  one  of  complete  and  unembarrassed 
frankness.  By  frankly  admitting  his  difficulty  he  will  at  once 
put  those  about  him  at  their  ease,  and  I  can  say  with  absolute 
assurance  that  he  will  almost  invariably  find  his  fellowmen 
helpful  and  sympathetically  cooperative.  And,  do  not  forget 
that  where  real  study  of  a  subject  or  piece  of  business  is  re- 
quired, the  deaf  man  has  one  very  positive  advantage.  By 
shutting  oflf  his  hearing  apparatus  he  is  at  once  free  of  all  dis- 
concerting and  disturbing  noises  which  constantly  assail  the 
ears  and  nerves  of  his  associates,  and  is  thus  enabled  to  con- 
centrate absolutely  upon  the  problem  before  him.  In  short, 
the  deafened  man  will  find  by  experience  that  his  balance  sheet 
has  assets  as  well  as  liabilities."  He  then  commends  the  employ- 
ment of  hearing  devices,  and  concludes  with  the  statement  that 
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the  deafened  man  is  better  equipped  for  some  kinds  of  work, 
particularly  in  accounting  and  other  business  which  require 
great  concentration.  (In  short,  Mr.  Childs  has  shown  his  power 
of  concentration  by  winning  several  matches  of  golf  from  the 
writer  of  this  paper.) 

"The  Deafened  Women  in  Society"  was  a  paper  presented 
by  Mrs.  George  L.  McAlpin*  who  stated  that  "Even  if  modesty 
causes  one  to  shrink  from  relating  personal  experiences,  for 
the  cause  of  humanity  and  for  the  sake  of  service,  one  would 
not  remain  silent.  To  sympathize,  to  help,  to  encourage,  these 
must  be  common  experiences;  and  with  the  deafened  I  feel 
sure  that  the  suffering  and  the  struggle  are  the  same,  no  matter 
what  the  environment.  One  day  a  beautiful  star  appeared  on 
my  horizon.  Faintly  it  gleamed  at  first,  often  obscured  by  the 
fleeting  clouds  of  despair.  That  star  was  the  birth  of  hope. 
Was  it  possible  that  my  eyes  could  be  trained  to  take  the  place 
of  my  ears?  Was  it  possible  that  I  could  keep  in  touch  with 
my  family  and  friends  in  delightful  intercourse?  It  was  poss- 
ible. I  would  try.  All  of  this  happened  some  years  ago,  but 
the  star  is  still  shining,  leading  me  to  new  worlds  to  conquer, 
and  new  lessons  to  learn.  From  the  first  I  sought  speech-read- 
ing. Three  things  I  count  necessary  to  success  along  social 
lines;  courage,  culture  and  a  determined  effort  to  master  the 
art  of  speech -reading.  Limitations  must  be  met  and  recognized, 
but  I  have  yet  to  meet  the  situation  where  a  courageous  and 
frank  attitude  will  not  attract  companionship.  There  is  always 
a  kind  friend  who  will  give  a  clue  to  the  subject  of  conversa- 
tion. Culture  is  an  ornament  that  is  especially  becoming  to 
those  who  have  lost  their  hearing.  A  hobby  is  an  excellent 
thing  for  the  deafened.  A  determined  eflFort  to  master  speech- 
reading  is  essential  to  all  success.  It  is  said  that  there  are  good 
speech-readers  and  poor  speech- readers.  I  say  we  can  all 
be  good  speech-readers  if  we  will  persevere.  And  one  of  the 
most  important  things  to  do  is  to  cultivate  and  develop  the  fac- 
ulty of  observation. 

"The  Deafened  Woman  in  Professional  Life"**,  was  a 
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paper  read  by  Miss  Julia  E.  Johnson.  She  stated  that  the 
deafened  woman  in  professional  life  assumes  there  is  a  handi- 
cap. This  is  only  relatively  true.  It  is  true  that  we  do  not 
like,  on  account  of  our  deafness,  to  approach  -people,  to  give 
them  special  trouble,  to  place  ourselves  in  a  conspicuous  or 
embarrassing  position.  Our  sensitiveness  or  pride  gets  to  the 
front.  This  is  psychological  and  not  a  handicap  unless  we  make 
it  so.  We  must  not  confuse  any  disadvantage  with  the  facts  of 
deafness,  except  as  deafness  contributes  to  the  state  of  mind. 
What  we  need  is  clear  thought  and  sensible  conclusion  that  we 
will  do  whatever  comes  to  us  to  do.  Wrong  mental  attitudes 
are  not  held  by  us  alone.  Most  obstacles  can  be  overcome. 
We  do  not  expect  that  deafened  physicians,  nurses,  lawyers, 
and  musicians,  for  example,  can  do  exactly  the  same  things  as 
one  who  hears.  Such  training,  or  a  strong  attraction  for  spe- 
cial work,  is  too  valuable  not  to  be  made  use  of.  One  might, 
for  example,  work  with  an  assistant ;  or  a  physician  might  spe- 
cialize in  laboratory  or  X-ray  work;  a  lawyer  might  turn  from 
court  to  take  up  brief  and  record  work,  research,  law  librarian- 
ship,  or  even  cataloging  of  legal  literature.  A  musician  might, 
Ijke  Beethoven,  turn  to  composing,  or  to  harmony  or  song 
writing ;  because  music  is  not  only  a  matter  of  physical  sound, 
it  is  a  matter  of  internal  sound  as  well.  I  mention  these  things 
because  one  who  has  started  out  toward  a  professional  career 
is  apt  to  turn  aside  when  deafness  comes  upon  him,  a  fact ; 
which  he  may  afterwards  regret.  In  the  case  of  a  reporter, 
the  ability  to  write  well  can  be  turned  to  authorship.  We  have 
a  reporter  who  has  become  very  successful  in  magazine  writ- 
ing. There  are  business  standards  to  be  met,  rules,  methods, 
resources  or  working  facts  to  be  learned.  When  these  are 
learned  the  way  is  comparatively  easy,  that  is  to  say,  the  work 
is  related  to  ones  capacity  for  the  task  in  hand,  and  I  think 
deafness  is  a  very  little  hindrance.  This  has  been  my  own 
experience.  My  own  work,  however,  is  especially  adapted,  be- 
cause it  calls  for  very  little  communication.  It  is  editorial  work 
of  a  special  kind,  and  also  reference  library  work.  For  the 
sake  of  the  future  it  is  better  to  expect  too  much  of  the  deaf- 
ened than  to  do  the  harm  and  lack  the  vision  of  not  expecting 
enough. 
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A  paper  on  "Compensations"  was  presented  by  Mrs. 
Robert  C.  Morris,*  who  said  in  part  that  he  who  has  been 
afflicted  with  deafness  only  a  short  time  is  apt  to  be  rebellious 
and  he  is  skeptical  that  this  universal  law  of  compensation  can 
possibly  apply  to  his  case.  But  he  who  has  been  deaf  from  in- 
fancy, through  childhood,  and  youth,  and  through  middle-age, 
knows  that  there  is  some  soul  of  goodness  in  things  evil.  He 
knows  that,  as  Emerson  said,  he  can,  like  the  wounded  oyster, 
mend  his  shell  with  a  pearl.  When  one  of  our  five  senses  has 
become  impaired  the  four  others  become  strengthened  beyond 
the  normal.  Intuition  develops  rapidly  if  we  educate  ourselves 
to  know  those  flashes  of  knowledge  which  come  to  us  intuitively, 
and  the  deafened  may  have  through  the  life  which  must  be 
lived  in  contact  with  other  people,  a  more  dependable  guide  than 
persons  with  normal  hearing.  The  deaf  person  naturally  be- 
comes an  accurate  reader  of  human  nature.  He  rarely  makes 
mistakes  in  judging  men  and  women.  He  watches  the  lips  of 
any  new  acquaintance,  knowing  that  the  eyes  can  be  trained  to 
deceive  and  other  features  may  wear  a  mask,  but  the  mouth 
is  the  only  feature  that  cannot  be  made  to  camouflage  the  truth. 
Thus  the  deaf  person  selects  his  friends  with  infaUible  intuition. 
He  sees  in  people  important  things  that  we  people  never  see  at 
all.  His  faculty  for  observation  becomes  the  foundation  for 
memory,  reason,  judgment  and  all  kinds  of  culture.  The  deaf 
person  not  only  has  time  to  think,  but  he  learns  to  concentrate. 
If  he  cannot  carry  on  a  conversation  with  John  Jones,  or  Wil- 
bur Smith  it  is  just  as  well,  perhaps,  for  the  John  Jones's  and 
the  Wilbur  Smiths  of  the  world  seldom  say  anything  that  is 
worth  listening  to.  If  the  sphere  of  the  friendships  of  the 
deaf  person  is  circumscribed  he  may  have  quality  if  not  quan- 
tity, and  if  he  cannot  become  acquainted  with  a  wide  circle  of 
friends  then  he  may  turn  his  attention  to  Shakespeare  and 
Emerson  and  Stevenson,  friends  who  unite  the  whole  world. 
If  we  cannot  hear  a  lecture  we  may  console  ourselves  with  this 
thought;  that  the  best  of  lectures  always  find  their  way  into 
print  and  90  per  cent,  of  the  lectures,  so  far  as  literary  values 
are  concerned,  are  not  fit  for  print.     Most  of  us  can  build  a 
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world  of  joy  and  accomplishment  with  such  tools  as  we  have. 
To  be  able  to  hear  as  the  average  person  does  is  just  to  be  an 
average  person,  but  to  be  able  to  do  something,  to  specialize, 
to  do  something  better  than  the  average  person  can  do  it,  is  to 
cause  a  thousand  people  who  can  hear,  to  seek  the  path  to  our 
door.  The  hard  of  hearing  person  is  sympathetic,  and  the 
world  needs  that  kind  of  understanding  sympathy.  Shake- 
speare said :  "None  can  be  called  deformed  but  the  unkind." 
We  have  come  from  many  circles,  we  represent  social  and  pro- 
fessional relationships  of  many  kinds,  and  in  this  convention 
perhaps  for  the  very  first  time  in  our  lives  we  are  among  our 
very  own  people,  for  we  are  the  people  who  understand  each 
other  so  much  better.  Only  you  and  I  know  the  world  in  which 
we  live,  and  I  am  proud  to  be  numbered  among  your  gallant 
company  of  the  deafened.  This  very  experience  is  one  of  the 
great  compensations  that  deafness  has  brought  to  me." 
These  are  but  few  of  the  papers  which  have  recently  been 
written  by  highly  intelligent  people  along  the  same  lines,  but 
time  will  only  permit  a  few  quotations  from  a  remarkable  arti- 
cle: "On  the  Technique  of  Being  Deaf,"  written  by  Earnest 
Elmo  Calkins,  a  prominent  figure  in  the  literary  and  advertising 
world,  and  published  in  the  January  number  of  The  Atlantic 
Monthly.  "It  is  unfortunate  that  we  deafened  can  go  so  long 
without  detection.  We  frequently  choose  foolishly,  preferring 
to  pass  as  slow,  thickheaded,  stupid  persons,  rather  than  as  the 
quick-witted  deaf  persons  we  really  are.  I  have  become  a  mas- 
ter of  the  art  of  being  deaf  .  It  is  an  acquired  art.  People  are 
no  more  born  with  it  than  they  are  born  bachelors.  A  bachelor 
is  something  more  than  a  man  who  has  failed  of  marrying ; 
and  the  art  of  being  deaf  is  something  more  than  loss  of  hear- 
ing. When  I  asked  Mr.  Edison  why  he  of  all  persons  did  not 
avail  himself  of  one  of  the  electrical  devices  for  making  hear- 
ing less  difficult,  he  said :  "Too  busy.  A  lot  of  time  is  wasted 
in  listening.  If  I  had  one  of  these  things,  my  wife  would  want 
to  talk  to  me  all  the  time."  Discussing  a  banquet  at  which 
it  might  be  possible  for  me  to  be  'seen',  I  said  to  a  friend :  I'm 
not  going  to  any  more  of  those  dinners.  It's  such  a  bore  to 
sit  there  and  not  hear  any  speeches.    'Not  so  much  a  bore  as  if 
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you  heard  them,'  was  his  feeling  reply.  After  all,  are  not  the 
deaf  rather  inclined  to  overrate  the  mere  accomplishment  of 
hearing?  Audition  is  not  without  its  drawbacks,  and  deafness 
without  its  compensations.  For  us,  the  noisy  world  is  soft-ped- 
aled. My  deafness  beginning  at  fourteen  years  of  age,  my 
teacher,  a  woman  of  rare  sympathy  and  helpfulness,  would  not 
permit  me  to  fail  and  insisted  upon  helping  a  discouraged  boy 
to  keep  up  with  his  classes.  I  still  remember  the  enthusiasm  with 
which  she  once  said :  'Earnest.  I  want  you  to  succeed,  not  in 
spite  of  your  deafness,  but  on  account  of  it.'  There  ought  to 
be  a  book  of  short  biographies  of  the  famous  deaf,  telling  how 
they  met  their  problem.  Such  men  as  E.  S.  Martin,  Thomas 
Edison.  Sir  Joshua  Reynolds.  Ludwig  von  Beethoven,  the  Earl 
of  Chesterfield,  Harriet  Martineau,  etc.  We  cannot  draw  any 
consolation  from  the  belief  that  our  condition  is  tragic.  To  be- 
gin with  the  first  lesson  and  the  hardest,  it  is  imperative  to  admit 
that  one  is  deaf,  admit  to  ones  self,  and  tell  the  world,  and  ac- 
cept the  penalties  as  well  as  the  compensations.  As  some  corn- 
fed  philosopher  remarked  'Old  maids  is  really  the  happiest — 
after  they  quits  strugglin.'  After  all  the  deaf  are  not  deaf  all 
the  time ;  for  they  are  not  deaf  when  there  is  no  occasion  to 
hear.  The  deaf  person  should  always  prepare  in  advance  for 
as  many  emergencies  as  possible.  He  should  study  the  time- 
table in  advance,  read  the  signs  on  the  walls  and  in  the  train 
shed.  I  have  learned  to  set  myself  for  awakening  at  any  morn- 
ing hour.  Nothing  can  compare  with  a  gainful  occupation. 
He  then  mentions  aids  to  hearing,  lipreading,  which  is  little 
short  of  marvelous,  and  then  classifies  the  liabilities  and  assets 
in  the  way  of  recreation  which  a  deafened  individual  may  well 
commit  to  memory.     On  my  index  expurgations  are : 

Conversation  in  the  best  sense 

The  theatre 

Lectures 

Public  dinners,  and  most  private  ones 

Music 

Social  dancing 

Games  like  'What  is  my  thought  like?' 

Being  read  aloud  to 
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I  have  left : 

Books 

Pictures,  moving  and  stationary 

Art,  painting,  sculpture,  architecture,  and  applied 

Natural  science 

Scenery 

Travel— on  foot,  train,  boat,  horse,  and  motor 

Exhibition  dancing,  and  all  spectacles  and  pageants 

Games  like  golf  and  whist 

Nearly  all  hobbies 

Someone  has  said  (Boy,  page  Mr.  Bartlett)  that  when 
God  closes  one  window.  He  opens  another  a  little  wider.  1  have 
tried  to  help  Him  and  swing  my  window  altogether  open. 
Among  his  recreations  which  he  calls  startling  are  painting, 
modeling,  carving,  fishing,  digging  in  the  earth,  and  play 
games.  In  consequence  I  have  never  been  bored.  I  make 
models  of  ancient  ships  which  gives  an  excuse  for  hunting  old 
books  and  jjrints  to  learn  how  they  looked  and  were  rigged. 
I  have  a  colony  of  bees,  which  are  sufficiently  amiable  to  per- 
mit me  to  take  out  the  brood  combs  and  find  the  queen,  when 
there  is  someone  to  see  me  show  off  and  exclaim :  'Don't  they 
ever  sting  you?'  I  also  battle  with  beetles  and  worms,  for  the 
satisfaction  of  raising  a  few  of  the  varieties  of  roses.  HI 
play  a  rotten  game  of  golf,  it  is  not  because  I  am  deaf.  There 
is  no  reason  why  a  deaf  man  should  not  be  a  very  good  golfer. 
With  me  it  is,  perhaps,  because  I  enjoy  a  walk  as  much  with  a 
blackthorn  stick  in  my  hand  as  with  a  mashie.  Do  not  get  the 
idea  that  all  this  means  dispensing  with  friends.  Friendship 
is  not  conversation.  The  things  the  deaf  can  do  to  reclaim  the 
waste  places  of  life,  and  find  happiness  in  doing,  have  another 
rare  quality.  They  are  a  substitute  for  conversation  in  quite  a 
different  way.  They  enable  him  to  account  for  himself  to 
others,  to  acquire  a  new  interest  in  the  eyes  of  his  friends,  to 
win  a  consideraton  that  his  amateur  j)erformance  as  a  listener 
will  not  give.  Thus  I  find  myself  at  fifty- four,  busy  and  happy, 
with  a  very  satisfactory  'expectancy'  allowed  by  my  insurance 
comi)any,  with  a  life  packed  full  of  the  most  exciting  and  en- 
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thralling  things  to  do,  and  wondering  whether  I  am  going  to 
have  time — even  if  I  realize  that  expectancy — to  do  them  all." 


Organized  Social  Service  For  The  Deafened 

It  is  obvious  that  any  sustained  effort  to  benefit  deafened 
people  along  social  service  lines  must  be  through  proper  organ- 
ization. Formerly,  no  institution  work  as  attempted  for  the 
social  and  economic  betterment  of  the  deafened,  except  through 
institutions  maintained  for  deaf-mutism.  It  so  happens  that  the 
psychology  of  the  deafened  person  with  speech,  differs  so 
widely  from  mutism  or  deafness  without  speech,  that  it  becomes 
well  nigh  impossible  to  carry  on  any  social  service  or  educa- 
tional work  which  contemplates  a  combination  of  the  two  con- 
ditions. This  fact  has  been  fully  proven  and  needs  no  further 
discussion.  The  balance  of  this  paper  will  have  to  do  chiefly 
with  social  work  for  deafened  people,  or  those  with  speech. 

During  the  last  ten  years  organizations  have  come  into  ex- 
istence with  the  purpose  of  solving  these  problems.  These 
organizations  have  assumed  various  names — like,  leagues  for 
the  hard  of  hearing;  speech-reading  clubs,  etc.  Community 
work  for  the  deafened  would  seem  to  be  a  suitable  general  term 
under  which  the  various  subdivisions  of  social  service  work 
may  be  outlined.  The  ideal  organization,  in  my  judgment,  is 
one  that  would  be  based  largely  upon  the  club  idea.  First,  a 
permanent  home,  suitable  for  carrying  out  the  necessary  activ- 
ities. Second,  with  trained  social  workers  in  charge.  Third, 
independence  and  self-maintenance  on  the  part  of  the  members 
so  far  as  the  actual  club  expenses  are  concerned.  Outside  help 
should  be  secured  covering  the  expenses  of  education,  voca- 
tional training,  employment,  recreation,  charities,  research  and 
preventive  treatment.  Unfortunately,  during  the  earlier  stages 
nearly  all  organizations  have  been  obliged  to  receive  donations 
in  order  to  successfully  become  established.  Let  us  briefly 
define  an  ideal  community  center  for  the  deaf.  Ideally,  such 
a  center  should  undertake  to  do  for  deafened  people,  service 
similar  to  that  which  is  so  successfully  done  for  the  blind.  In 
Xew  York  Citv  the  Communitv  center,   for  the  blind  centers 


446  PHILLIPS. 

around  an  institution  known  as  "The  Lighthouse  for  the 
Blind,"  which  is  a  large  home  or  club  house,  which  contains 
rooms  for  the  various  departmental  activities.  This  would  be 
an  ideal  arrangement  for  a  community  center  for  the  deaf- 
ened, which  should  primarily  be  a  club  house  where  deafened 
people  could  carry  on  the  various  activities.  Such  a  building 
might  include  rental  quarters  for  private  teaching  of  lip  reading. 
In  some  cities  in  America  the  Municipal  Community  Chests 
have  provided  the  headquarters  and  equipment.  In  the  for- 
mation of  a  local  unit,  three  types  of  individuals  should,  if 
possible,  unite :  The  otologist,  the  deafened  educator,  and  the 
deafened  social  workers,  in  a  combined  effort  to  rouse  the  deaf- 
ened man  and  woman  out  of  despair,  and  make  them  over  into 
alert,  happy,  hopeful  and  selfsupix)rting  citizens.  Just  get  a 
group  of  the  deafened  together  and  organize.  The  American 
Federation  of  Organizations  for  the  Hard  of  Hearing  is  pre- 
pared to  furnish  the  necessary  organization  literature. 

Educational  (Lipreading  training). 

Inasmuch  as  Mrs.  Nitchie,  in  her  paper,  will  cover  the  en- 
tire field  of  lipreading  education,  we  will  be  content  in  merely 
urging  this  procedure  and  suggesting  that  otologists  make  it 
a  routine  matter  of  advice  and  counsel  to  their  patients.  Even 
though  hearing  devices  are  employed,  lipreading  should  be  de- 
veloped in  every  case  so  far  as  the  individual  is  able  to  avail 
himself  of  this  valuable  art.  It  is  particularly  urged  that  in 
the  early  stages  of  deafness  patients  commence  the  study  of 
lipreading  in  order  to  become  proficient  before  the  time  has  ar- 
rived when  it  becomes  actually  necessary. 

Employment  Bureau 

One  large  department  of  such  a  service  should  be  the 
employment  bureau  which  should  be  in  charge  of  trained  voca- 
tional counselors  and  placement  workers,  capable  of  advising 
applicants  for  positions  in  accordance  with  the  type,  degree  and 
progressiveness  of  his  deafness,  his  physical  condition,  his  edu- 
cation and  his  temperament.     The  employment  workers  in  the 
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New  York  League  for  the  Hard  of  Hearing  make  a  careful 
study  of  each  individual  case,  making  use  of  a  card  index  sys- 
tem which  becomes  permanently  available,  and  which  covers 
every  phase  of  the  applicants  condition.  The  following  are 
among  the  questions  asked  : 

1 — The  age  of  the  individual  at  the  time  he  is  forced  to 
consider  rehabilitation. 

2 — The  degree  and  type  of  deafness  at  the  time  he  recog- 
nizes the  need  for  rehabilitation. 

3 — The  finances  of  the  individual  and  his  dependency. 

4 — The  willingness  of  the  individual  to  accept  the  aids ; 
such  as  lipreading,  hearing  devices,  etc.,  that  are  available. 

The  placement  workers  are  obliged  to  overcome  first  the 
inadequate  facilities  for  training  in  a  wide  range  of  occupa- 
tions; and  second,  the  unapproachability  of  employers.  The  re- 
habilitation of  the  deafened  junior  is  a  comparatively  simple 
problem.  He  is  trained  in  lipreading,  equipped  with  a  hearing 
device,  if  necessary,  and  then  trained  for  a  vocation  where 
any  increase  in  his  deafness  will  not  be  a  handicap.  These  oc- 
cupations include  most  forms  of  machine  operating,  all  branches 
of  the  sewing  trade,  all  of  the  agricultural  pursuits,  some  of 
the  professions,  and  many  kinds  of  business.  The  exceptions 
include  telephone,  teaching  (except  lipreading),  telegraphy, 
stenographic  work,  salesmenship  and  cashiering.  The  league 
has  advised  training  to  some  of  its  younger  applicants  in 
printing,  show  card  writing,  embroidery  machine  operating,  de- 
signing and  office  machine  operating,  such  as  the  billing  ma- 
chine and  multigraph. 

The  rehabilitation  of  the  person  who  has  engaged  in  some 
definite  occupation  for  many  years  is  a  more  serious  problem. 
Thirty-seven  per  cent  of  all  the  persons  who  apply  to  the  bu- 
reau are  forced  to  change  their  vocation.  For  them,  advice 
regarding  the  utilization  of  part  of  their  former  training  and 
experience  must  be  given,  suggestions  for  the  proper  training 
and  the  place  to  take  it,  and  information  regarding  those  occu- 
pations which  might  be  harmful.  To  those  with  sub-normal 
hearing,  any  remnant  of  hearing  is  most  precious,  hence,  occu- 
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pations  surrounded  by  unhealthy  conditions,  such  as  are  found 
in  refrigerating  plants,  subways  and  tunnel  construction  must 
be  avoided.  Positions  requiring  standing  must  be  avoided  by 
deafened  persons  who  are  subject  to  vertigo.  Let  us  cite  the 
histories  of  a  few  cases  that  have  been  handled  by  the  bureau 
during  the  past  year. 

1.  A  nurse  with  slight  deafness.  Sought  advice  from 
nurses  agencies,  doctors  and  friends.  Sought  advice  at  the 
league.  Trained  in  lipreading,  told  to  give  up  nursing,  given 
a  job  where  she  would  not  be  too  fatigued  to  study  lipreading 
at  night ;  arrangements  made  for  training  through  the  Bureau 
of  Rehabilitation  of  the  State  Department  of  Education,  in 
X-ray  operating.    Secured  a  position  in  a  hospital.    She  wrote : 

"I  was  prepared  to  have  a  hard  time  of  it,  but  now  scarcely 
feel  that  my  job  is  work.  I  have  found  it  good  to  combine 
X-ray  work  with  laboratory  work  and  have  taken  a  course  in 
bacteriology.  It  is  not  only  working,  but  also  the  planning  to  do 
more  that  makes  me  feel  a  bit  more  useful  again.  I  am  glad 
to  tell  you  that  I  can  do  the  work  and  can  always  so  enjoy  it. 
Please  accept  $5.00  for  the  League  from  my  first  salary.  N.  G." 

2.  Young  man,  22.  Total  deafness  after  mastoid  opera- 
tion. Clerk  in  insurance  firm  before.  Advised  him  to  learn 
all  about  office  machinery.  Finally  took  advice  and  secured  em- 
ployment in  three  weeks  time. 

3.  Man,  50.  Very  hard  of  hearing.  Uses  a  hearing  de- 
vice. Yacht  captain  for  seventeen' years  with  the  same  em- 
ployer. Lost  job  not  because  of  deafness,  but  because  man 
had  given  up  yacht.  We  have  advised  this  man,  who  has  some 
savings,  and  a  wife  with  perfect  hearing,  to  open  up  a  small 
shop  in  a  suburb,  such  as  a  hardware  store,  where  the  counter 
work  could  be  done  by  his  wife  and  the  handyman  work  and 
mechanical  work  be  done  by  him.  In  order  to  convince  him 
that  people  of  normal  hearing  would  accept  him  on  the  strength 
of  his  ability  in  spite  of  his  deafness,  he  was  placed  in  a  job 
as  a  mechanic  for  a  time. 

In  many  instances  a  new  occupation  has  to  be  learned  and 
the  applicant  must  be  given  a  course  in  vocational  training. 
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In  such  cases  the  placement  workers,  having  made  a  com- 
plete study  of  the  individual,  are  able  to  advise  the  kind  of  oc- 
cupation for  which  he  is  fitted.  He  is  then  given  such  schooling 
as  may  be  necessary  to  prepare  him  for  his  new  job. 

An  important  element  in  the  employment  for  the  deafened 
is  the  ability  of  the  placement  workers  to  convince  employers 
of  the  availability  of  this  type  of  'employee.  In  the  New  York 
League  this  has  been  so  successfully  done  that  various  employ- 
ers have  shown  their  appreciation  by  calling  for  recruits  from 
deafened  sources.  He  is  told  that  the  deafened  man  concen- 
trates better  than  the  hearing;  that  he  is  more  efficient  at  gen- 
eral routine  work ;  that  he  accomplishes  more  work  in  less  time 
for  the  reason  that  he  does  not  engage  in  conversation  going  on 
about  him.  Furthermore,  he  is  more  appreciative  of  his  job 
because  he  recognizes  his  limitations  and  does  not  seek  constant 
change.  In  short,  his  redeeming  features,  to  be  mentioned  to 
his  employer,  are  as  follows : 

1.  Highly  developed  power  of  concentration 

2.  Keen  observer 

3.  Quick  mental  movement 

4     Does  not  waste  time  in  chatter 

5.  Remains  in  position  longer  than  hearing  individual 

6.  Master  of  detail. 

Of  late  the  demand  of  employers  has  been  so  great  that  our 
placement  officers  are  carrying  a  newspaper  advertisement  urg- 
ing deafened  people  to  apply  for  positions. 

Vocational  Training 

Vocational  training  whereby  deafened  people  may  be 
taught  new  occupations  should  be  urged  in  all  cases  where  the 
victim  can  no  longer  follow  his  usual  avocation.  In  the  larger 
cities  there  are  special  organizations  for  vocational  training 
along  all  lines  of  endeavor.  In  New  York  City  the  Bureau  of 
Rehabilitation  of  the  State  Department  of  Education  pays  for 
the  vocational  training  of  our  deafened  individuals  in  the  exist- 
ing schools  of  the  city.    Thirty-four  States  in  the  Union  offer 
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rehabilitation  facilities  to  the  physically  handicapped.  It  is 
up  to  the  organizations  for  deafened  and  the  otologists  to  make 
use  of  them  for  their  cases.  In  smaller  cities  the  organizations 
should  undertake  to  find  training  opportunities  for  their  peo- 
ple. If  possible  they  should  provide  scholarships  in  the  trade 
schools  that  would  cover  traveling  expenses  and  board  if  neces- 
sary. Above  all  avail  themselves  of  the  city,  state  and  federal 
facilities  oflFered  and  demand  them  where  there  are  none.  What- 
ever else  he  may  do  in  preparing  for  a  new  job,  he  should  con- 
stantly persist  in  his  lipreading  studies. 

Hearing  Devices 

Dr.  Walker  is  to  discuss  the  question  of  mechanical  aids 
to  hearing;  hence,  I  shall  confine  my  remarks  upon  this  sub- 
ject to  a  few  brief  comments  regarding  certain  important  im- 
formation  recently  gained.  In  general  it  may  be  stated  that 
great  progress  has  been  made  during  recent  years  in  the  de- 
velopment of  hearing  devices,  particularly  in  their  special  adap- 
tation to  varying  and  different  uses.  For  instance,  until  recently 
the  Executive  Secretary  of  the  New  York  League  for  the  Hard 
of  Hearing,  Miss  Annetta  W.  Peck,  has  been  entirely  unable 
to  make  use  of  telephone  conversation.  About  one  year  ago 
she  found  that  by  using  the  Phonophor  applied  to  the  telephone 
receiver  she  was  able  to  hear  telephone  conversation  perfectly. 
The  writer  converses  with  her  frequently  and  has  been  amazed 
at  the  power  of  the  little  instrument.  The  Phonophor  Company 
produces  four  or  five  varieties  of  phonophor,  but  the  one  most 
effective  for  telephone  service  happens  to  be  the  cheapest  one  of 
the  lot.  Stethoscopes  with  large  mouth  pieces  (accumulators) 
can  be  purchased  at  Knauthe  Brothers,  New  York  City.  These 
might  be  of  service  to  hard  of  hearing  doctors  in  examinations 
of  the  heart  and  lungs. 

Mr.  Storey's  comment,  previously  referred  to,  calling  at- 
tention to  the  fact  that  hearing  people  frequently  approach 
the  deafened  when  they  see  them  using  the  hearing  device,  is 
worth  repetition  at  this  time.  The  various  manufacturers  of 
hearing  appliances  are  more  than  willing  to  undertake  any  pro- 
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blem  which  tends  to  improve  their  quality  and  effectiveness.  A 
recent  experience  has  brought  to  Hght  a  new  phase  in  the  hearing 
device  problem  which  promises  to  bring  untold  happiness  to 
many  deafened  individuals.  This  knowledge  may  be  in  the 
possession  of  many  in  this  audience,  but  the  writer's  knowledge 
is  of  very  recent  origin.  Almost  by  accident,  some  deafened 
people  have  been  induced  to  test  the  radio,  with  wonderful  re- 
sults. In  one  instance  a  deafened  man  was  urged  to  try  it, 
but  for  days  and  weeks  refused  to  even  attempt  to  make  use  of 
the  radio,  only  to  be  enraptured  by  his  first  days  experience  with 
this  marvelous  invention.  His  letter  written  at  the  request  of 
the  writer  will  best  tell  the  tale. 

"Dear  Dr.  Phillips : — Knowing  of  your  great  interest  in 
the  cause  of  humanity,  and  especially  in  those  who  are  hard  of 
hearing,  I  desire  to  tell  you  of  my  wonderful  results  from  the 
use  of  the  Radio. 

I  have  been  deaf  for  45  years — have  been  deprived  from 
intercourse  with  my  fellow  men — deprived  from  the  pleasures 
of  attending  lectures,  concerts,  church ;  now,  however,  that, 
thank  God,  is  ended,  and  also  ended  for  all  those  who  are  simi- 
larly afflicted. 

My  outfit  is  not  a  very  wonderful  one,  made  by  the  Radio 
Instrument  Company  of  Washington,  D.  C.  and  makes  use  of 
6  vacuum  tubes,  yet  by  "plugging"  in  the  1st  stage  of  amplifi- 
cation I  hear  perfectly. 

I  had  had  my  Radio  but  a  few  days  when  on  Easter  Sun- 
day I  listened  in  to  the  service  conducted  at  the  West  End 
Presbyterian  Church,  heard  distinctly,  plainly,  clearly,  the 
opening  Organ  voluntary,  solo  and  quartet  singing,  reading  of 
the  lessons,  prayers,  a  wonderful  sermon,  installation  of  new 
members  and  the  benediction,  and  please  believe  it  was,  to  me, 
a  God  sent  benediction.  I  say  it  manfully  and  without  shame 
or  fear  of  ridicule,  the  tears  of  joy  streamed  down  my  face. 
Last  Sunday  I  heard  the  entire  service  at  St.  Thomas's  Church, 
in  the  afternoon  the  services  conducted  by  the  Bedford  (Brook- 
lyn) branch  of  the  Y.  M.  C.  A.  by  the  Rev.  Dr.  Cadman,  who 
stated  there  were  nearly  1,000  men  in  attendance,  and  when  this 
congregation  sang  that  glorious,  inspiring  hymn,  "Onward  Chris- 


452  PHILLIPS. 

tian  Soldiers"  the  music  being  played  by  the  Glory  Trumpet- 
ers, you  can  imagine  the  effect  it  all  had  on  a  poor  soul  who 
has  spent  forty  odd  years  in  the  "silent  land."  In  the  evening 
I  listened  to  a  concert  by  the  Capital  Theatre  orchestra,  and 
the  ending  of  a  perfect  day  was  a  fine  organ  concert.  I  want 
to  add  that  one  number  of  the  Theatre  concert  was  the 
"Melodie"  in  F  by  Rubinstein  played  as  a  Cello  solo,  I've  heard, 
off  and  on,  parts  of  this  composition,  all  my  life,  but  never  be- 
fore the  entire  piece,  until  it  all  came  to  me  over  the  wire,  the 
deep  bass  notes  of  the  instrument  sounding  like  a  beautiful  pipe 
organ. 

I  have,  so  to  speak,  by  means  of  the  Radio,  found  a  new 
Heaven  and  a  new  Earth  and  am  just  begining  to  lead  a  normal 
life.  God  grant  me  many  years  of  life  in  order  that  I  may 
enjoy,  to  the  utmost,  my  new  found  joy  and  happiness. 

If  all  this  wonderful  salvation  has  come  to  me  it  can  also 
come  to  others  in  affliction,  and  I  shall  appreciate  it  highly  if 
you  will  tell  me  how  best  to  go  about  spreading  the  gospel  of 
Saint  Radio,  as  I  can  not  keep  it  to  myself,  but  want  to  shout 
it  all  from  the  house-tops  for  the  enlightenment  of  the  world. 

Please  feel  at  liberty  to  use  this  epistle  in  any  way  desired, 
so  long  as  it  will  do  some  slight  good  for  those  who  may  be 
affllicted,  and  whose  souls  are  crying  for  help. 

Your  friend, 

Warren  Pond. 

Mr.  Warren  Pond  is  at  the  head  of  the  well  known  fi^rm, 
William  A.  Pond  &  Company,  music  publishers  of  New  York, 
and  is  evidently  a  case  of  otosclerosis. 

Since  receiving  this  letter  several  people  with  varying  types 
of  deafness  have  been  requested  to  make  tests  of  the  radio  in 
an  attempt  to  determine  just  what  types  of  deafness  may  be 
reasonably  expected  to  make  use  of  the  radio.  The  following 
letters  relate  the  experience  of  other  people. 

"Dear  Dr.  Phillips : — You  asked  me  to  give  some  account 
of  my  experience  in  listening  to  Mr.  Pond's  radio.  I  have  tried 
it  twice,  once  on  April  24,  and  again  April  29,  when  my  father 
went  on  Mrs.  Pond's  invitation.  His  experience  is  also  interest- 
ing: so  you  have  mine,  otosclerosis  of  38  years'  standing,  and 
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my  father,  C.  C.  O.  M.  of  35  years  standing.  He  is  quite  hard 
of  hearing  now,  while  I  have  practically  no  hearing  at  all,  un- 
less hitched  to  the  most  powerful  devices  made. 

It  is  impossible  in  my  own  experience  to  separate  the  emo- 
tional and  imaginative  from  the  scientific;  but  I  think  you  are 
as  much  interested  in  the  one  as  in  the  other.  When,  about  ten 
years  ago,  I  dismissed  my  last  pupils  in  piano  and  harmony, 
I  slammed  the  door  on  my  old  life  and  plunged  into  earning  my 
own  living  in  an  entirely  new  field.  So  completely  have  I  for- 
gotten that  I  was  ever  a  musician,  and  identified  myself  with 
social  work  for  the  deafened,  that  I  have  wondered  whether 
there  really  was  sufficient  magic  in  things  heard  to  justify  people 
in  spending  hours  and  hours  of  precious  time  sitting  around  a 
concert  room  or  an  opera  house.  You  can  judge  therefore  of 
the  emotional  effect  of  hearing  over  the  radio  the  tremendous 
and  thrilling  voice  of  my  own  beloved  piano,  not  painfully  in- 
complete, but  full,  rich  and  satisfying  as  in  the  early  days  of 
my  deafness  before  I  ever  dreamed  that  music  would  have  to 
be  left  behind  and  its  glories  translated  into  some  other  form 
of  human  activity  and  service. 

The  repertoire  of  the  piano  does  not  change  much,  and 
from  old  experience  I  could  hear  all  variations  of  touch  and 
even  the  errors  of  the  younger  player's  performance.  I  heard 
all  announcements  surprisingly  well,  getting  names  better  than 
titles,  and  later,  in  the  baseball  reports,  the  names  of  clubs 
better  than  those  of  individual  players. 

On  the  second  occasion  I  heard,  besides  announcement  and 
short  speeches,  songs  by  sopranos'  a  tenor  and  a  baritone, 
orchestra  and  organ.    The  latter  was  particularly  successful. 

On  both  occasions  I  found  my  head  noises  slightly  in- 
creased— a  sort  of  escaping  steam  sound — and  my  head  ached 
slightly  for  a  time,  but  my  speaking  voice  sounded  clearer  to  me 
and  my  hearing  definitely  better.  Of  course  hearing,  in  my 
case,  does  not  mean  the  naked  ear,  but  hearing  familiar  voices 
at  their  customary  pitch  and  volume  with  the  same  hearing 
device  as  usual.    After  two  days  this  continues. 

My  father,  on  the  other  hand,  heard  almost  too  much,  just 
as  Miss  Samuelson  did,  and  he  does  not  like  the  electric  hearing 
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devices  much  at  the  best  of  times,  he  was  making  all  sorts  of 
little  experiments  in  bone  conduction,  which  is  more  comfort- 
able to  his  thinking.  But  the  day  following  he  was  much 
deafer,  so  that  we  had  to  raise  our  voices  very  much  more  than 
usual,  in  fact  it  was  all  we  could  do  to  make  him  hear.  This 
was  better  the  next  day.  However,  he  is  going  to  be  a  fan,  I 
can  see. 

Hoping  that  this  will  be  of  some  use  to  you,  I  am, 

Sincerely  yours, 
Annetta  W.  Peck. 

"My  dear  Dr.  Phillips : — Here's  a  statement  of  my  expe- 
rience with  Mr.  Pond's  radio.  We  listened  in  on  piano  selec- 
tions, several  soprano  solos  and  a  male  voice  announcing  com- 
mission market  quotations  and  baseball  scores.  I  found  the 
speaking  voice  by  far  more  agreeable.  When  the  radio  was 
tuned  at  a  pitch  comfortable  for  Miss  Peck,  that  is  so  that  she 
could  hear  the  piano  as  an  actual  piano,  it  was  a  most  violent 
noise  and  tin  canny.  The  vocal  selections  were  ever  so  much 
better.  During  one  selection  there  was  a  crossed  wire  and  I 
could  clearly  hear  the  vocal  selection  with  a  jazz  band  and  coon 
shouter.  It  seemed  as  if  I  was  hearing  one  in  one  ear  and  the 
other  in  the  other.  When  the  radio  was  tuned  so  that  it  was 
comfortable  for  Mr.  Pond  it  was  agreeable  to  my  ears.  (I 
guess  that  you  will  agree  that  Mr.  Pond  is  a  bit  more  deafened 
than  I.)     The  voices  were  all  clear  and  distinct. 

The  day  following  I  was  walking  through  the  tunnel  out- 
side of  Gimbels.  I  heard  a  phonograph  just  as  clearly  as  if  I 
stood  alongside  of  it.  I  investigated.  In  the  store  near  one  of 
the  entrances  I  found  a  radio  with  the  horn  attachment.  I 
should  say  that  I  heard  the  music  (as  music  which  is  rarely  true 
of  a  naked  phonograph)  at  a  distance  of  at  least  150  feet 
through  walls  and  windows.  I  don't  hear  our  own  victrola  at 
home  unless  I  am  in  the  room  in  which  it  is  playing. 

The  possiblities  of  radio  as  a  re-educator  of  hearing  seems 
great  to  me,  but  raises  one  great  question  in  my  mind.  I  really 
am  a  fan  and  wouldn't  want  to  take  the  joy  out  of  the  game 
for  the  world.  Very  sincerely  yours, 

Estelle  E.  Samuelson, 
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Miss  Annetta  W.  Peck  I  know  to  be  a  case  of  otosclerosis, 
and  her  father  to  be  one  of  chronic  catarrhal  deafness.  These 
experiences  certainly  serve  to  determine  the  fact  that  the  radio 
has  brought  marvelous  possibilities  of  experience  for  our  deaf- 
ened friends.  It  promises  to  become  a  source  of  educational 
value  even  in  the  schools  for  deaf  mutes.  So  enthusiastic  have 
a  few  members  of  the  New  York  League  become  liiat  the  whole 
place  is  being  installed  with  radio  equipment  for  the  benefit  of 
its  members.  Several  have  already  remarked  that  they  propose 
to  attend  church  every  Sunday  morning  and  evening  at  the 
League  headquarters,  and  to  listen  to  lectures  and  concerts  at 
other  times. 

Some  of  our  workers  have  found  much  benefit  from  an 
appliance  called  the  Auricles,  manufactured  by  the  William  V. 
Willis  Company  of  Philadelphia.  This  instrument  is  quite  sim- 
ilar to  the  English  made  instrument  known  as  the  Aurolese 
Phone,  but  possesses  the  added  advantage  that  it  can  be  pur- 
chased for  about  $10. 

Recreatiox  axd  Amusements 

It  is  surprising  how  much  real  ])leasure  may  come  from  or- 
ganized efforts  to  promote  certain  types  of  amusement  and 
appropriate  recreation  measures  for  deafened  people,  particu- 
larly in  groups.  Ordinarily,  the  deafened  person  gets  his  chief 
amusement  from  books,  moving  pictures  or  from  some  fad. 
It  is  possible,  however,  under  trained  leadership  to  develop  a 
variety  of  amusements  for  men  and  women  of  mature  years ; 
such  as,  card  parties  at  headquarters,  for  which  club  houses 
should  provide  opportunities.  Younger  people  become  very 
much  interested  in  theatricals  of  the  pantomine  type,  and  when 
possible  they  are  exceedingly  fond  of  dancing.  Recreation 
in  the  form  of  club  hikes,  with  lunches,  botanical,  nature  and 
other  available  studies. 

Preventive  Deafness 

Within  the  domain  of  social  service  work,  under  otological 
supervision,  can  well  be  placed  opportunities  for  studies  along 
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the  line  of  preventive  deafness.  Naturally  these  studies  will 
have  to  do  largely  with  child  life.  Dispensary  and  hospital 
treatment  for  the  deafened  has  up  to  date  failed  to  conduct 
specific  investigations  along  the  lines  of  preventive  deafness  in 
children.  It  is  true  that  certain  well  known  causes  are  carefully 
attended  to  in  large  clinics.  By  this  I  refer  to  the  removal  of 
tonsils  and  adenoids  and  similar  measures,  but  to  give  a  spe- 
cific study  to  children  who  already  show  signs  of  deafness  and 
to  treat  these  children  with  the  sole  purpose  to  prevent  fur- 
ther inroads  upon  the  hearing  function  has  never  been  generally 
adopted.  Dr.  James  Kerr  Love  of  Glasgow*  has  done  some 
pioneer  work  along  this  line,  and  Dr.  Franklin  W.  Bock  has 
attempted  the  same  measures  in  the  Rochester  public  schools. 

Since  October,  1922,  it  has  been  attempted  under  the  aus- 
pices of  the  New  York  League  for  the  Hard  of  Hearing.  The 
plan  has  been  about  as  follows :  No  children  have  been  sub- 
jected to  examination  and  treatment  except  those  who  have 
been  secured  under  League  auspices  and  by  our  professional 
workers.  In  every  instance  full  records  are  obtained  at  the 
League  covering  the  name,  age,  home  conditions,  and  all  other 
possible  information  is  obtained  and  recorded.  This  informa- 
tion is  not  only  recorded  by  file  and  a  duplicate  record  card 
is  sent  to  the  doctor.    The  following  is  a  sample  of  the  cards : 


m 


•     Volta  Review,   November,   1921. 
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CLINIC  FOR  THE  PREVENTION  OF  DEAFNESS  IN 
CHILDREN. 

New  York  City 

Date 

Name 

Address 

Age 

Degree  of  Deafness 

Cause  of  Deafness 

Speech 

Illnesses 

Deafness  first  noticed 

Head  Noises 

Earaches 

Tonsils  and  Adenoids 

Where  treated 

Deafness  in  family 

Parent's  name 

School 

Grade 

Teacher 

Remarks 


Registered  by: 

The  New  York  League  for  the  Hard  of  Hearing,  Inc. 

126  East  59th  Street. 
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The  patient  is  then  given  a  complete  otological  examination 
by  competent  otologists. 

This  examination  is  supplemented  by  such  other  forms  of 
examination  as  the  symptoms  may  suggest.  In  some  instances 
even  a  Wassermann  test  has  to  be  made.  The  child  is  then 
placed  under  treatment,  nasal  and  pharyngeal  abnormalities  and 
diseases  eradicated,  advice  and  counsel  is  given  as  to  the  diet 
and  home  life.  The  prevention  of  cold  and  proper  aural  guid- 
ance during  and  after  colds.  So  far  no  efforts  have  been  made 
to  enter  the  field  of  pathology.  Furthermore,  the  number  ex- 
amined up  to  date  is  too  small  to  enable  us  to  form  definite  and 
permanent  conclusions.  In  all,  about  60  children  have  been 
under  observation  and  have  been  given  a  total  of  about  500 
examinations  and  treatments.  A  preliminary  report  will  prob- 
ably be  published  in  the  near  future.  Suffice  it  is  to  say  the 
results  of  these  examinations  and  treatments  have  more  than 
warranted  the  eflforts  which  have  been  put  forth,  and  it  would 
seem  that  the  time  has  come  for  the  opening  up  of  departments 
for  research  in  the  prevention  of  deafness  in  our  ear  hospitals 
and  clinics.  Furthermore,  it  should  become  one  of  the  leading 
features  of  social  service  work  in  the  field  of  otology.  Partic- 
ularly, in  our  very  large  cities  for  the  treatment  of  ear  diseases, 
there  should  be  a  distinctive  department  devoted  entirely  to  the 
subject  of  preventive  deafness.  I  venture  to  reix)rt  a  recent 
case  coming  under  my  own  observation  which  serves  clearly 
to  show  the  need  of  a  more  careful  study  of  hearing  conditions 
in  children,  with  a  view  to  the  prevention  of  deafness,  and  sec- 
ond, to  the  proper  treatment  of  children  showing  symptoms  of 
defective  hearing.  A  girl  ten  years  of  age  showed  symptoms 
of  gradual  loss  of  hearing  for  about  two  years.  The  mother 
had  taken  her  to  one  or  two  general  practitioners  who  failed  to 
discover  any  cause  for  the  aflfection.  In  school  she  had  com- 
menced to  fall  back  in  her  studies  and  the  teacher  had  finally 
advised  the  mother  to  place  the  child  in  the  public  school  for 
the  deaf.  It  is  evident  that  no  competent  otologist  connected 
with  the  school  sy.stem  had  ever  examined  this  child.  It  was 
found  that  her  hearing  was  so  defective  that  it  would  be  imposs- 
ible for  her  to  continue  her  studies  by  regular  school  methods. 
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Upon  examining  the  canals  they  were  "both  found  to  be  tightly 
packed  with  cerumen,  and  after  its  removal  she  heard  as  well 
as  ever.  This  case  may  be  a  rare  exception,  but  it  serves  to  em- 
phasize the  laxness  in  our  present  methods  of  examing  school 
children  and  emphasizes  the  fact  that  there  is  wide  field  for 
investigation  along  the  lines  of  prevention  in  the  domain  of 
aural  diseases. 

Thus,  I  have  briefly  outlined  various  phases  of  social  ser- 
vice work  which  may  well  be  attempted  by  individual  organi- 
zations. After  two  or  three  years  of  rather  intensive  study  of 
the  problem  as  undertaken  by  the  few  organizations  in  the  lar- 
ger cities,  I  became  convinced  that  this  type  of  enterprise  should 
be  encouraged  by  the  formation  of  a  national  organization,  for 
the  following  reasons :  First,  to  provide  a  central  body  which 
would  have  the  control  and  management  of  an  annual  conven- 
tion in  the  interests  of  local  organizations.  Second,  for  the 
interchange  of  views  and  for  development  of  methods,  and  to 
encourage  the  formation  of  local  organizations  throughout  the 
country.  This  organization  is  now  on  a  well  founded  basis 
under  the  title  of  "The  American  Federation  of  Organizations 
for  the  Hard  of  Hearing."  The  fourth  annual  convention  will 
be  held  in  the  city  of  Chicago,  June  18,  19,  and  20.  The  third 
annual  convention  was  held  in  Toledo  in  June,  1922,  and  over 
250  delegates  registered  from  various  parts  of  the  Union,  all 
the  way  from  Boston  to  San  Francisco.  At  the  present  time 
fifteen  constituent  bodies  are  in  affiliation  with  the  national  or- 
ganization and  many  more  are  making  ready  to  join  or  are  in 
the  process  of  formation.  There  are  two  foreign  local  associa- 
tions j  one  in  Glasgow.  Scotland  and  one  in  the  city  of  Prague. 
The  Volta  Review  has  become  the  official  organ  of  the  Federa- 
tion, which  has  its  headquarters  in  the  Volta  Review  Building 
in  Washington,  D.  C. 

In  conclusion,  I  would  say  that  social  service  work  for  the 
deafened  oflFers  a  wide  field  of  actual  service  to  humanity  on  the 
part  of  the  otologist.  Every  large  town  or  city  should  have  an 
organization  to  carry  on  this  work.  The  otologist,  recognizing 
the  timidity  of  the  deafened  in  public  matters,  should  lead  in 
the  formation  of  these  local  units.    Many  of  the  loc^l  organiza- 
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tions  throughout  the  country  have  come  about  in  just  this 
manner.  Upon  entering  this  field  the  otologist  opens  the  door 
of  his  life  to  very  highest  realm  of  actual  service  to  humanity. 
It  calls  for  unselfish  expenditure  of  timie  with  little  to  be  gained 
along  the  line  of  financial  emoluments.  For  in  the  main,  he 
must  give  of  his  time  freely.  It  is  a  disinterested  service  and 
brings  little  fame.  It  is  the  fulfillment  of  the  provisions  of  the 
Hippocratic  oath  in  its   very  highest  sense. 

Discussion. 

Dr.  Shambaugh.  Chicago,  111. :  I  feel  that  this  is  an 
epoch  making  paper  and  I  hope  the  time  is  not  far  distant 
when  every  otologist  in  America  will  understand  what  Dr. 
Phillips  is  making  such  an  effort  to  show. 

Dr.  J.  S.  Eraser  (by  invitation)  said :  I  think  there  is 
an  institute  in  Edinburgh  of  the  type  described  by  Dr. 
Phillips.  One  can  see  how  the  whole  mental  and  moral  out- 
look of  the  patient  can  be  altered  from  that  of  a  sulky  per- 
son with  a  grievance  to  that  of  a  more  or  less  contented  individ- 
ual. There  is  a  striking  difference  between  the  mental  attitude. 
of  the  blind,  which  is  usually  a  serene  one,  and  that  of  Ithe  deaf. 
The  general  public  is  kind  to  the  blind,  who  are  helped  on 
every  occasion  because  blindness  is  more  appealing.  It  is 
not  obvious  that  a  man  is  deaf  and  needs  help.  The  deaf 
also  feel  shy  about  asking  assistance. 

Dr.  Calhoun  said:  I  noticed  Dr.  Phillips  said  "even  a 
Wassermann  was  done."  I  think  the  Wassermann  should 
be  done  as  a  routine  procedure  in  the  case  of  every  deaf 
child,  and  I  would  have  a  test  of  the  father  and  the  mother 
also.  Frequently  there  is  a  negative  Wassermann  when 
there  is  a  specific  taint.  I  would  have  a  history  from  the 
parents,  as  to  miscarriages,  etc.,  and  also  Wassermann  test 
of  the  parents. 

Note — Comments  herein  made  from  papers  of  Mr.  Starling  W.  Childs. 
Mrs.  George  L.  McAlpin.  Mrs.  Julia  E.  Johnson,  Mrs.  Robert  C.  Morris. 
Mr.  John  de  Raismes  Storey  and  Mr.  Earnest  Elmo  Calkins  are  practi- 
cally in  the  exact   language  of  the   individual  authors. 
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Dr.  Francis  P.  Emerson.  Boston,  Mass. :  One  point  of 
great  practical  value  is  that  deaf  people  have  a  certain 
range  of  tone  perception.  If  that  range  is  carefully- 
worked  out  so  that  the  exercise  instrument  gives  the  pa- 
tient the  next  segment  of  hearing  this  will  increase  the 
tone  range.  Combined  with  other  means  used  to  help  the 
hearing  these  instruments  have  a  field  of  practical  useful- 
ness for  patients  not  ready  to  rely  entirely  on  artificial  aids. 
The  work  which  Dr.  Walker  has  presented  is  very  interest- 
ing and  practical. 

Dr.  M.  A.  Goldstein,  St.  Louis,  Mo.,  said :  One  feat- 
ure mentioned  by  Dr.  Phillips  was  the  radio.  In  St.  Louis 
we  have  worked  with  very  powerful  radio  apparatus.  The 
St.  Louis  Post  Dispatch  has  a  very  powerful  station.  While 
we  have  had  some  results  in  the  adult  it  has  given  us  only 
disappointments  as  regards  deaf  children,  especially  those 
with  slight  residual  hearing.  There  must  be  some  differ- 
ence in  the  quality  of  vibrations  sent  forth.  Dr.  Phillips 
has  given  us  a  scientific  sermon.  I  think  he  is  as  good  a 
preacher  as  he  is  a  doctor.  If  he  is  able  to  combine  the  pro- 
fessions of  a  preacher  and  doctor,  he  will  do  wonders. 

At  this  time  I  should  like  to  make  an  announcement. 
Before  many  months  are  over  we  shall  have  a  central  re- 
search institute  and  library,  for  the  deaf.  This  will  have 
a  department  of  acoustics  and  phonetics  and  all  branches 
of  instruction  and  education. 
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By  D.    HAROLD   WALKER,   M.    D.,   Boston,    Mass. 

Politzer  tells  us  that  hearing  trumpets  were  in  use  in  the 
times  of  Asclepiades,  96  B.  C,  so  it  is  very  evident  that  deafness 
was  api)reciated  to  be  such  a  serious  handicap,  even  in  those 
times,  as  to  need  relief.  The  endeavor  to  improve  the  action 
of  these  trumpets  has  led  to  the  construction  of  a  great  many 
appliances  of  varying  form  and  shape.  In  looking  through  the 
literature  for  the  past  hundred  years,  there  is  little  new  that  is 
really  efficient  and  of  value  until  the  invention  of  the  micro- 
phone for.  the  use  of  the  telephone.  The  application  of  that 
principle  for  an  apparatus  for  the  deaf  has  stimulated  an  in- 
creasing interest  in  devices  for  aiding  the  hearing.  It  is  very 
strange  that  there  has  been  comparatively  little  that  is  new 
discovered  as  to  the  method  of  the  propagation  of  sound  waves. 
Astonishing  discoveries  in  other  fields  have  been  made  ;  different 
pathways  for  the  conduction  of  energy,  and  still  we  are  sup- 
posed to  depend  U|X)n  waves  of  the  air  for  the  conduction  of 
sound  waves.  I  feel  reasonably  sure  that  the  time  is  not  far 
distant  when  there  may  be  another  method  of  reaching  the 
center  of  hearing  besides  that  of  the  usual  middle  mechanism. 
It.  is  generally  the  experience  in  life  that  when  a  great  need 
arises  for  some  device  or  other  to  alleviate  suffering  or  to  aid 
the  general  welfare,  someone  comes  forward  with  just  the 
right  appliance.  The  profession  is  awakening  to  the  fact  that 
the  thousands  of  deaf  and  deficient  in  hearing  cannot  be  cured 
by  the  ordinary  means  at  the  command  of  the  Aurist.  It  has 
not,  however,  realized  that  even  now  there  are  methods  for  im- 
proving the  hearing  to  a  great  degree.  There  is  an  increasing 
number  of  hearing  instruments  seen  in  public.  An  interest  in 
deaf  Guilds  and  in  the  education  of  the  deaf  and  hard  of  hear- 
ing child  has  been  aroused. 

It  is  my  intention  in  this  paper  to  give  you  my  experiences 
with  attemping  to  aid  the  deaf  mechanically,  covering  a  period 
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of  ten  years.  I  am  not  a  physicist  and  do  not  pretend  to  un- 
derstand all  there  is  to  know  about  acoustics,  but  I  hope  to  be 
able  to  suggest  certain  means  which  I  have  found  useful  to  a 
large  number  of  patients.  When  is  a  person  deaf,  or  in  other 
words,  when  does  a  person  require  an  artificial  aid?  It  is 
Politzer's  opinion  that  when  a  person  does  not  hear  a  spoken 
voice,  with  the  aid  of  the  lips,  at  a  distance  greater  than  one  and 
one  half  meters,  some  assistance  is  necessary.  It  seems  to  me 
that  the  degree  of  deafness  which  one  requires  depends  entirely 
upon  the  individual  in  question;  one's  profession,  work,  or 
environment  must  be  taken  into  consideration.  Edison  is 
said  to  be  better  able  to  concentrate  upon  his  problems  because 
of  his  deafness,  and  it  is  very  evident  that  a  teacher  in  a  pub- 
lic school  requires  better  hearing  than  an  upholsterer  or  an  ar- 
tist. Then  there  is  the  stenographer,  who  depends  upon  her 
profession  for  her  support,  whose  employer  dictates  with  his 
head  turned  from  her  and  there  is  the  mother  who  is  beginning 
to  miss  the  voices  of  her  children.  They  all  want  to  hear  and 
if  we  are  going  to  give  advice  in  keeping  with  our  ideals,  we 
must  go  further  than  to  give  a  questionable  prognosis  and  treat 
by  the  usual  method  of  inflation. 

In  determining  the  best  artificial  aid  one  should  advise  for 
a  certain  patient,  it  is  necessary  to  know  whether  the  deafness 
is  due  to  trouble  in  the  sound  conducting  apparatus  or  in  the 
sound  perceptive  apparatus;  if  due  to  the  former,  whether 
the  low  tones  are  cut  off,  or  only  the  high,  with  the  medium 
voice  tones  still  existing.  A  hearing  test,  as  accurate  as  possible, 
must  be  made.  This  brings  up  a  subject  of  the  greatest  im- 
portance, one  which  has  been  discussed  time  and  again.  We 
have  no  unified,  standard  method  of  testing  the  hearing 
which  the  profession  as  a  whole  accepts.  If  the  forks  are  used, 
and  most  of  us  do  use  them,  they  are  of  various  makes  and 
of  various  duration  vibration  periods,  etc.  When  the  audio- 
meter as  devised  by  Dean,  Seashore.  Wegel,  Wilson,  and  others 
becomes  perfected,  both  as  to  efficiency  and  ease  of  operation, 
there  will  be  a  method  of  determining  not  only  the  hearing  for 
the  entire  musical  scale  but  also  the  pressure  or  energj-  neces- 
sary for  the  perception  of  tone  by  the  ear.    This  latter  factor, 
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it  seems  to  me,  is  very  important.  For  the  present  we  must 
content  ourselves  with  as  good  forks  as  the  market  affords. 
I  have  been  unable  to  determine  the  extent  of  the  application 
of  artificial  aids,  as  shown  by  the  usual  hearing  tests.  I  know 
of  a  patient  who  hears  nothing  until  the  2048  V.  D.  is  reached 
and  yet  is  perfectly  happy  with  an  efficient  appliance.  If  the 
hearing  test  shows  a  nerve  lesion  where  the  low  tones  are  gone, 
naturally  no  device  is  going  to  be  of  any  use.  Personally,  I  be- 
lieve that  one  should  give  the  patient  the  benefit  of  the  doubt 
and  try  some  form  of  hearing  aid,  even  though  the  test  seems 
to  be  a  hopelesss  one. 

Mechanical  aids  can  be  classed  as  Internal  and  External. 
The  former  are  only  applicable  where  there  is  a  defect  in  the 
drum  membrane  and  where  there  is  a  movable  stapes.  These 
aids  are  in  the  form  of  artificial  drums.  Artificial  drums  have 
been  used  for  several  centuries,  being  mentioned  as  far  back  as 
1640.  Yearsly  suggested  small  balls  of  cotton  in  1848,  and 
Toynbee  in  1852  constructed  a  small  disc  of  rubber  to  which 
was  attached  a  silver  stem.  There  are  many  modifications  of 
Toynbee's  drum.  Even  drums  made  of  gold  were  used  by 
Mueller  in  the  ear  of  an  American  heiress.  The  cotton  ball  or 
flat  pad,  to  which  is  applied  vaseline  to  make  it  adhere,  seems 
to  be  the  most  practical  form.  The  patient,  with  a  suitable 
pair  of  forceps,  can  soon  apply  the  drums  himself,  adjusting 
them  with  great  precision.  Unfortunately,  such  aids  to  hearing 
often  cause  irritation  in  the  middle  ear  and  a  discharge  occurs 
which  must  be  overcome  before  a  drum  can  be  reinserted.  If 
the  use  of  such  a  device  is  persisted  in,  nature  often  gives  up 
in  despair  and  allows  the  offending  foreign  body  to  remain. 
If  the  ossicular  chain  is  intact,  and  the  perforation  is  not  too 
large,  a  paper  patch  or  splint,  as  first  used  by  the  late  C.  J. 
Blake,  placed  over  the  opening  often  increases  the  hearing 
power.  I  have  also  used  a  patch  placed  over  the.  stapes  when 
the  other  ossicles  are  destroyed  and  the  stapes  is  visible.  Cu- 
riously enough,  at  times  a  cotton  ball  placed  in  the  niche  of  the 
round  window  is  more  efficient  than  elsewhere.  There  are 
several  rubber  drums  upon  the  market,  duly  advertised  as  cur- 
ing all  forms  of  deafness.     I  have  no  doubt  that  the  person 
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who  invented  this  particular  type  may  have  been  helped  as 
there  are  conditions  which  are  greatly  benefitted  by  them.  The 
unfortunate  part  is  that  they  are  used  indiscriminately  by  the 
public  and  the  result  is  that  we  all  have  had  the  opportunity 
of  fishing  for  a  small  piece  of  rubber  buried  in  a  thick  dis- 
charge. There  is  no  question  but  that  a  great  many  people 
might  be  helped  by  a  little  more  attention  and  patience  being 
paid  to  the  use  of  artificial  drums.  We  must  remember  that 
a  very  little  improvement  often  means  a  tremendous  comfort 
to  some  patients. 

The  greatest  number  of  people  who  need  some  aid  to 
hearing  are  those  whose  deafness  is  due  to  a  non-suppurative 
change  occurring  in  the  middle  ear  and  this  class  must  require 
some  external  device  to  be  any  real  use.  With  the  ■  exception 
of  a  very  few  aids,  all  of  whidh  are  very  inefficient,  such  an  ap- 
pliance must  necessarily  be  conspicuous.  This  brings  us  to  the 
most  difficult  subject  with  which  we  have  to  deal,  viz.,  the 
overcoming  of  pride  and  sensitiveness  in  the  average  patient. 
The  mental  attitude  of  the  deaf  patient  is  such  a  variable  one. 
Some  are  ready  and  willing  to  cooperate,  doing  all  in  their 
power  to  help  themselves,  while  others  have  become  discour- 
aged, heedless,  and  actually  too  lazy  to  try  any  form  of  appli- 
ance. Education  is  the  first  step  toward  success,  education 
towards  the  realization  that  everyone  owes  a  certain  amount  to 
society,  that  while  their  deafness  is  a  great  handicap,  still 
they  have  duties  and  responsibilities  which  they  must  assume 
just  the  same.  We  must  teach  them  that  their  "Cross"  is 
nothing  to  be  ashamed  of  and  although  a  device  is  slightly  con- 
spicuous, it  is  no  more  so  than  tortoise  shell  glasses  which  we 
are  now  so  accustomed  to  wearing. 

In  discussing  the  efficiency  of  the  various  devices  to  aid 
the  hearing.  I  am  indebted  to  the  work  of  Dr.  Paul  E.  Sabine 
of  the  Riverbank  Laboratories,  Geneva,  Illinois,  whose  publi- 
cation appeared  in  the  Laryngoscope  1921.  I  have  taken  the 
liberty  of  reproducing  several  of  his  charts.  The  tests  were 
confined  to  tones  one  octave  apart,  over  a  frequency  range 
from  128  v.  d.  to  4098  v.  d.  It  is  unnecessary  to  give  the  de- 
tails of  the  method.     The  measure  of  the  efficiency  of  an  in- 
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strument  depends  upon  its  power  to  increase  the  intensity  of 
the  energy  of  sound  waves  and  this  intensity  varies  directly 
with  the  square  of  the  ampHtude  of  th§  vibration  for  that  par- 
ticular tone.  Our  efforts,  therefore,  are  directed  to  the  best 
method  of  increasing  sound  amplification.  Nearly  all  of  the 
ear  trumpets  are  more  or  less  complicated  modifications  of  the 
open  conical  horn.  The  principle  is  that  of  a  collector  of  sound 
waves,  introducing  a  greater  number  into  the  ear  than  can  be 
introduced  by  the  external  ear.  Recent  investigations  have 
shown  the  horn  to  be  a  sound  resonator  as  well,  with  its  own 
natural  pitch  and  has  the  power  of  amplifying  a  wide  range  oi 
tones  higher  in  pitch  than  its  own  fundamental  tone.  As  might 
be  expected,  the  larger  the  opening  and  the  longer  the  instru- 
ment, with  certain  limitations,  the  more  efficient  it  is.  These 
charts  all  show  there  is  a  fairly  sharp  rise  at  C3  and  a  more 
sudden  dropping  off  when  the  vibration  period  of  C6  is  reached. 
Upon  the  charts,  along  the  base,  are  the  vibration  frequencies 
and  the  figures  upon  the  perpendicular  line  show  the  increase 
or  decrease  of  the  loudness  produced  by  the  particular  instru- 
ment over  the  loudness  perceived  by  the  unaided  ear.  This 
is  called  zero. 

Chart  No.  1  is  that  of  a  simple  horn  "A"  with  an  opening 
of  about  two  and  one  half  inches  and  about  ten  inches  long. 
The  line  marked  "B"  is  that  of  an  oval  metal  trumpet  with 
an  opening  about  5x3  inches  and  about  20  inches  long. 

Chart  No.  2  shows  the  intensity  of  sound  conveyed  to  the 
ear  by  a  complicated  horn  having  a  reflecting  surface.  The 
efficiency  falls  off  suddenly  at  C3.  The  line  marked  "B"  shows 
the  efficiency  of  the  bare  hand  held  back  of  the  ear.  It  is  really 
quite  an  efficient  resonator  and  is  as  efficient  as  many  of  the 
smaller  horns. 

Chart  No.  3  shows  the  efficiency  of  two  speaking  tubes. 
One  is  a  large  tube  with  an  opening  of  about  two  and  one 
half  inches  in  diameter  and  the  other  is  a  small  flexible  metal 
tube,  the  mouth  piece  being  about  one  inch  in  diameter. 

"  Chart  No.  4  shows  the  efficiency  of  a  curved  horn  contain- 
ing a  vibrating  diaphram.  The  line  marked  "B"  indicates  the 
efficiency  of  a  hard  rubber  fan  which  is  curved  and  held  he- 
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tween  the  teeth.  Of  course  the  vibrations  are  conveyed  to  the 
inner  ear  by  bone  conduction. 

It  may  be  seen  from  these  charts  that  the  most  efficient 
horns  are  those  with  the  largest  openings.  Because  of  their 
appearance  and  size,  their  Hmitations  are  soon  reached.  Their 
use,  therefore,  is  confined  to  almost  personal  intercourse  and 
they  are  of  but  little  value  as  a  real  aid  to  the  hearing.  Speak- 
ing tubes  of  fairly  large  diameter  are  of  value  for  the  very 
deaf  as  they  eliminate  the  necessity  of  shouting  into  the  person's 
ear.  An  ordinary  pasteboard  mailing  tube  is  really  an  excellent 
speaking  tube.  The  fan,  and  one  can  use  an  ordinary  Japanese 
fan,  with  a  piece  of  celluloid  upon  the  edge  against  which 
the  teeth  are  placed,  is  very  efficient  where  there  is  a  very  strong 
negative   Rinne  test. 

The  most  efficient  hearing  appliances  we  have  at  the  pres- 
ent time  are  of  the  telephone  type.  They  are  far  from  perfect 
but  the  strides  which  have  been  made  since  the  first  microphone 
was  placed  on  the  market  for  the  deaf  are  so  great  that  almost 
anything  is  possible.  The  fact  that  the  physicist  appreciates  the 
necessity  of  the  cooperation  of  the  Otologist  is  encouraging. 
There  are  several  excellent  instruments  available  for  the  aver- 
age deaf  person  if  he  will  only  "put  his  pride  in  his  pocket"  and 
try  to  learn  to  use  them.  If  patients  could  appreciate  the 
great  change  in  the  lives  of  many  people,  occasioned  by  the  use 
of  some  instrument,  they  all  would  take  courage  and  "go  and 
do  likewise." 

May  I  speak  briefly  of  two  cases.  One,  an  educated 
woman,  became  very  deaf.  Her  life  was  shut  in  and  limited 
in  activity  because  of  her  deafness.  By  means  of  a  certain 
amount  of  lip  reading  and  an  instrument,  she  has  become  per- 
fectly normal,  has  resumed  many  of  her  old  social  activities, 
and  now  enjoys  life.  An  attorney  became  so  deaf  that  he 
thought  he  must  give  up  his  partnership  in  a  prominent  law 
firm  and  also  retire  from  a  position  in  the  city  government. 
With  the  aid  of  an  appliance,  he  is  able  to  continue  his  work 
just  as  before  and  with  the  greatest  ease  and  satisfaction. 

In  advising  the  use  of  an  instrument,  the  patient's  sensi- 
tiveness to  outward  appearance  must  be  overcome.     He  must 
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be  made  to  understand  that  by  continuing  in  his  present  con- 
dition he  is  his  own  worst  enemy.  He  niakes  his  own  Hfe 
miserable  and  also  causes  intercourse  with  his  friends  most 
difficult.  If  a  patient  can  be  persuaded  to  try  an  instrument, 
usually  the  result  is  so  startling  that  he  immediately  appreciates 
the  help  and  finally  educates  himself  in  the  use  of  it.  He  must 
be  told  that  it  is  an  artificial  ear.  subject  to  many  defects  in  the 
proper  amplification  of  the  various  voice  tones,  that  one  must 
concentrate  upon  the  particular  voice  or  thing  he  wishes  to  hear, 
and  learn  to  exclude  extraneous  sounds.  The  reeducation  possi- 
ble with  an  instrument  is  often  very  marked.  A  great  many 
persons  give  up  the  use  of  one  ear,  using  the  better  one  entirely. 
It  is  aften  possible  to  increase  the  hearing  power  in  the  other 
by  an  appliance.  The  only  objection  to  the  use  of  such  a  hearing 
device  is  the  fact  that  they  are  more  or  less  conspicuous,  but  in 
time  the  vast  numbers  seen  will  accustom  everyone  to  them,  so 
they  will  not  be  noticed. 

The  question  of  fatigue  has  been  mentioned.  Any  deaf 
person  suffers  from  the  "strain  of  trying  to  hear"  and  if  an 
instrument  is  used  at  too  long  periods,  fatigue  will  result  but 
it  is  only  temporary.  I  usually  ask  patients  to  use  an  appliance 
for  the  first  few  times  only  for  a  few  minutes  each  day  and 
thus  gradually  accustom  themselves  to  it.  Dr.  Richardson, 
physician  to  the  New  England  Telephone  &  Telegraph  Com- 
pany tells  me  that  in  a  group  of  5,000  girls  she  has  known  of 
no  cases  of  decreased  hearing  which  could  be  attributed  to  the 
use  of  the  telephone.  The  few  cases  of  "shock"  were  not 
caused  by  such  use. 

There  are  two  systems  of  instruments  upon  the  market. 
The  application  of  the  amplifier,  so  commonly  seen  in  radio 
sets  and  used  for  wireless  telephony,  has  made  possible  the  am- 
plification of  sound  waves  to  almost  any  extent  desired.  The 
problems  of  weight  and  expense  are  being  solved.  At  present 
one  can  procure  an  elaborate  stationary  set  with  several  ampli- 
fiers and  a  double  receiver,  or  the  small  portable  set,  a  sample  of 
which  I  have  here.  Then  there  are  a  large  number  of  small 
pocket  devices  of  the  carbon  transmitter  type  with  which  you 
are  all  familiar.    These  vary  in  design  more  or  less  but  all  are 
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built  upon  the  same  principle.  Several  firms  manufacture  in- 
struments of  different  sizes  and  of  varying  intensities.  Some 
are  intended  for  home  use,  others  for  office,  and  still  others  for 
lectures,  theatre,  etc.  Nearly  all  give  an  unpleasant  noise, 
which  is  inherent  in  the  instrument.  This  noise  may  vary  in 
different  forms  and  also  vary  at  different  times  in  the  same 
instrument.  I  have  a  chart  showing  the  efficiency  of  one  ampli- 
fying instrument  (marked  O)  and  a  composite  of  three  of  t^e 
well-known  makes  of  carbon  transmitter  type  (marked  X).  It 
is  seen  that  the  efficiency  for  the  different  vowel  sounds  varies 
greatly.     This  is  due  to  the  fact  that  the  frequencies  of  voice 
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sounds  vary  tremendously  and  are  the  most  complicated  of  all 
sounds.  A  micro-telephone  has  its  own  fundamental  tone  at  a 
frequency  say  of  1,000.  Sounds  about  that  frequency  will  be 
transmitted  clearly  but  other  tones  and  combin^vtions  of  tones 
will  suffer  from  distortion. 

The  dream  that  it  will  be  possible  to  devise  some  instru- 
ment which  will  be  able  to  transmit  all  tones  without  distortion 
may  never  be  realized  but  attempts  are  being  made  and  expe- 
rimental work  carried  on  towards  that  end.  In  the  meantime, 
we  must  use  the  best  devices  at  our  command,  making  the 
most  of  what  exists  and  hoping  for  something  better.     Practi- 
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cally  all  the  manufacturers  of  these  appliances  are  willing  to 
allow  their  instruments  used  on  trial  to  responsible  persons 
and  are  ready  to  cooperate  with  the  profession  in  any  way 
they  are  able.  It  is  hoped  that  the  price,  which  up  to  this  time 
was  prohibitive  to  many,  will  be  reduced. 

I  have  said  upon  one  occasion  that  when  a  deaf  person 
consulted  me  about  his  hearing  that  if  I  could  see  the  friends 
of  the  patient  and  talk  to  them,  I  might  do  more  good  than 
treating  the  patient.  One  of  the  principles  to  be  borne  in  mind 
by  these  friends  and  relations,  is  the  absolute  necessity  for 
quiet,  clear,  and  even  speech.  In  Kramer's  "Diseases  of  the 
Ear,"  published  in  1838,  are  these  words:  ''If  they  (patients) 
are  to  understand  the  words  spoken,  they  must  be  uttered  in  a 
distinct,  tranquil  tone,  clearly  enunciated."  The  word  "tran- 
quil" is  just  the  proper  word  to  apply  to  conversation  with  the 
deaf.  A  very  important  aid,  although  not  mechanical,  is  Lip 
Reading.  I  cannot  advise  the  necessity  of  learning  lip  reading, 
even  to  the  slighest  degree,  too  strongly.  A  certain  skill  in  this 
art  and  an  efficient  hearing  appliance,  will  prevent  the  dreadful 
condition,  described  by  Margaret  Baldwin.  I  quote  her  as  fol- 
lows :  "A  dead  person  has  the  advantage  of  not  knowing  that 
he  is  dead,  but  the  deaf  person,  is  not  only  partly  dead — he 
lives  his  deadness.     He  is  buried  alive." 

Discussion. 

Dr.  M.  A.  Goldstein,  St  Louis,  Mo. :  There  are  some 
very  interesting  features  brought  out  by  Dr.  Walker's 
paper.  Starting  w  ith  his  "graphs",  I  should  like  to  empha- 
size some  points.  In  regard  to  the  vowel  sounds,  Oscar 
Wolf  in  1870  made  classical  tests.  The  long  o  is  best  heard,, 
and  the  least  heard  are  u  and  e  sounds.  In  the  second 
chart,  a  very  interesting  feature  is  developed  as  a  result  of 
Dr.  Walker's  experiments,  in,  the  comparative  value  and 
conducting  ability  of  the  various  experiments,  in  the  com- 
parative value  and  conducting  ability  of  the  various  devices. 
The  curve  takes  the  direction  and  intensity  of  the  physical 
ratio  in  normal  hearing.    C  4  is  heard  better  than  C  7  and 
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gaps  are  from  C  3 — 5,  practically  within  the  speech  hear- 
ing of  the  acumeter.  Most  of  the  devices  especially  those 
without  diaphragm  represent  the  same  curve  as  the  normal 
ear.  The  devices  with  a  diaphragm  intercepted  between  the 
sound  and  the  ear  are  less  defective  than  the  tube.  I  can 
emphasize  this  with  thhe  radio.  Our  kiddies  are  taken  to  the 
Post  Dispatch  where  there  is  a  big  amplifier  and  they 
cannot  hear  as  well  as  with  the  16  inch  megaphone  we 
use  for  testing.  If  you  put  your  ear  close  to  the  horn 
of  the  radio,  the  sound  is  not  larger  than  when  you  hear 
it  50  feet  away,  so  that  the  sound  must  be  distributed  in 
a  different  manner  than  the  sound  wave  by  the  air.  Pro- 
fessor Currier  has  devised  a  combination  with  a  mouse 
trap  central  vulcanite  receiver  attached  to  the  air  trans- 
mitting tube.  Each  of  the  6  or  8  children  can  receive  in- 
struction at  the  same  time.  That  is  a  very  good  plan.  The 
Globe  ear  phone  has  constructed  one  with  twelve  attach- 
ments, so  that  12  children  can  be  taught  at  the  same  time. 
A  small  tube  with  no  diaphragm  is  often  better  than  the 
instruments  with  a  diaphragm.  There  is  a  certain  distor- 
tion about  the  electrical  devices  whch  is  transmitted  to  the 
ear.  We  shall  have  to  take  account  of  that.  The  ear  was 
constructed  to  receive  the  sound  wave  direct,  and  not 
through  intervention  of  another  diaphragm. 

Dr.  G.  E.  Shambaugh,  Chicago,  111. :  There  are  a  num- 
ber of  points  which  might  be  emphasized.  One  is  the  inter- 
esting question  regarding  the  hypersensitiveness  of  the 
deaf  in  displaying  their  affliction.  This  has  long  been  ob- 
served and  frequently  commented  on.  Deaf  people  are 
usually  very  sensitive.  Now  I  l)elieve  this  is  due  to  a 
fact  which  every  otologist  well  knows,  namely,  that  there 
is  nothing  more  trying  than  to  try  to  put  something  across 
before  a  deaf  person.  Nothing  is  so  exhausting  for  the 
otologist  as  are  these  deaf  people  who  come  for  our  advice. 
Our  examination  may  not  be  especially  difficult  but  when 
we  come  to  advise  the  patient,  we  find  it  next  to  impossible 
to  get  anywhere.     Now  deaf  people  cannot  help  but  real- 
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ize  this  and  I  think  that  is  why  most  of  them  are  extremely 
sensitive  of  the  matter. 

As  regards  aids  to  the  hearing,  an  artificial  drum  mem- 
brane is  only  of  use,  of  course,  where  there  is  a  destruction 
of  the  membrana  tympani.  These  devices  advertised  are 
sold  in  more  cases  where  the  drum  membrane  is  normal 
than  where  there  is  a  defect.  A  simple  pledget  of  cotton, 
dipped  in  vaseline  and  placed  properly  against  the  stapes, 
seems  to  serve  the  purpose  accomplished  by  any  artificial 
drum  membrane.  Another  fact  is  that  the  speaking  tube  is 
a  most  efficient  means  of  introducing  sounds  to  the  ear 
and  any  patient  who  suffers  from  increasing  deafness  may 
^et  along  for  a  time  with  an  ear  trumpet,  or  in  suitable 
cases  with  an  electrical  device,  but  as  the  condition  prog- 
resses, finally   resorts  to  the  speaking  tube. 

As  regards  the  electrical  hearing  devices,  I  would  like 
to  ask  Dr.  Walker  if  he  has  anything  to  say  as  regards 
the  type  of  ear  disease  wh^re  these  are  particularly  valuable. 
Not  long  ago  I  talked  with  a  manufacturer  of  an  electrical 
device  who  is  also  a  salesman  and  asked  him  if  he  had  any 
means  of  determining  what  cases  could  use  his  device  with 
benefit.  His  response  was  very  prompt  to  the  effect  that 
when  he  found  that  a  patient  had  become  deaf  after  the  age 
of  50  unless  his  defect  began  developing  much  earlier,  he 
did  not  advise  him  to  buy  this  electrical  device.  He  also  said 
that  if  a  patient  assured  him  that  he  heard  better  when 
riding  on  the  street  car  he  felt  positive  that  his  device  could 
be  of  some  assistance.  Now  it  is  patent  to  any  otologist 
that  in  selecting  these  cases  he  was  making  diagnoses  be- 
tween primary  nerve  deafness  on  the  one  hand  and  fixa- 
tion deafness  on  the  other.  Fixation  deafness  which  be- 
comes severe  means  more  often  otosclerosis  than  any  other 
condition. 

Dr.  M.  A.  Goldstein,  St.  Louis.  Mo.:  I  would  like  to 
point  out  that  the  price  of  one  of  the  expensive  electrical 
hearing  devices  is  more  than  a  course  of  lessons  from  a 
good  teacher  of  lip  reading. 
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DISCUSSION. 


Dr.  Harold  Walker  (closing)  said :  I  do  not  think 
these  instruments  are  applicable  to  primary  nerve  deafness 
or  to  senile  deafness.  There  is  nothing  comparable  to  the 
speaking  tube,  but  the  trouble  is  that  it  is  so  personal.  Ot 
course  the  larger  the  better.  As  to  otosclerosis  and  fixa- 
tion of  the  stapes,  one  has  theories  as  to  what  aid  one  may 
expect  but  they  are  changed  with  experiences  with  patients. 
I  think  there  should  be  a  combination  of  lip  reading  and  ar- 
tificial aids.  With  the  eyes  closed  some  people  cannot  hear 
anythng,  even  with  an  appliance.  I  believe  we  should  ac- 
centuate the  necessity  of  lip  reading  in  everyone  who  has 
become  deaf.  Some  people  can  rely  on  lip  reading  entirely 
but  they  are  a  fortunate  exception.  A  woman  of  70  years 
who  had  senile  deafness,  reeducated  herself  to  a  slight 
degree  by  means  of  a  hearing  instrument.  She  was  actually 
too  lazy  to  try  to  hear  and  she  was  a  trial  to  all  her  friends. 
With  an  apparatus  she  did  succeed  in  improving  her  hear- 
ing to  a  certain  degree.  . 


THE  PUBLIC  DAY  SCHOOL  FOR  DEAF  CHILDREN. 

By  MISS  CARRIE  WALLACE  KEARNS,   New  York  City. 

There  are  three  ways  of  educating  a  deaf  child  and 
each  has  its  advantages. 

One  is  the  private  school.  This  means  close  individual 
attention  under  especially  good  conditions.  It  has  the  dis- 
advantage of  being  possible  for  only  a  few  children  who 
can  pay  the  price. 

The  second  way  of  educating  the  deaf  child  is  in  an  in- 
stitution or  public  residential  school  as  it  is  called.  This 
meets  the  need  of  the  deaf  child  in  a  small  community,  and 
also  the  child  who  has  no  parents,  or  whose  mother  is  not 
able  to  care  for  the  child. 

The  third  way  of  educating  the  deaf  child  is  in  a  public 
day  school.  This  has  the  advantage  of  keeping  the  child 
in  the  home  in  his  tender  years,  as  an  integral  part  of  the 
family,  to  be  loved  and  cared  for  as  the  other  children  in 
the  family  are.  It  also  has  the  advantage  of  keeping  the 
child  among  normal  people  and  thus  increasing  his  normal- 
ity. His  play  hours  and  his  hours  at  home  are  spent  among 
hearing  people. 

There  are  now  79  public  day  schools  in  the  United 
States.  These  are  scattered  among  twenty  states,  with 
Wisconsin  leading  with  23  such  schools.  The  Horace  Mann 
Day  School  in  Boston  is  the  oldest,  having  been  started  in 
1869.  Chicago  followed  in  1875.  Five  years  ago,  Chicago 
built  a  fine  new  building  for  the  deaf  children,  and  named 
it  for  A.  G.  Bell.  It  consists  of  two  wings,  one  for  the  deaf 
pupils,  the  other  for  hearing  pupils.  These  two  groups  of 
children  are  separated  during  lesson  periods,  etc.,  but  they 
meet  in  a  common  playground  at  playtime.  Philadelphia 
started  classes  for  the  deaf  in  the  regular  schools  about 
three  years  ago. 
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The  New  York  City  Public  School  for  the  Deaf  will  be 
15  years  old  next  September.  It  was  opened  by  our  Board 
of  Education  at  the  request  of  a  number  of  parents  of  deaf 
children  who  wanted  to  try  the  public  day  school. 

It  opened  as  an  experiment  in  an  old  building-  with  poor 
light  and  little  accommodation  for  deaf  children.  47  pupils 
were  enrolled ;  today  we  have  347.  The  first  teachers  came 
from  various  schools  for  the  deaf  throughout  the  country. 
The  first  principal  was  a  principal  of  one  of  our  regular 
elementary  schools,  who  had  at  one  time  taught  the  deaf. 
This  principal  died  after  two  years  of  earnest  service  and 
I  succeeded  her,  having  also  come  from  the  principalship  of 
one  of  our  elementary  schools.  At  the  present  time,  we 
train  our  own  teachers.  My  very  efficient  assistant  who 
also  came  from  the  hearing  schools,  trains  these  teachers. 
They  are  teachers  who  have  taught  normal  children  in  our 
elementary  schools  for  at  least  three  years,  and  have  estab- 
lished a  good  record  for  teaching  ability.  During  their 
year  of  training,  they  have  no  class  to  teach.  They  attend 
lectures  given  by  my  assistant  on  the  various  phases  of 
teaching  the  deaf.  These  teachers  also  learn  about  the 
physical  side  of  these  children  from  our  aurist  and  our  in- 
ternist. During  this  year  of  training  these  teachers  re- 
main on  the  salary  they  received  as  teachers  in  regular 
schools.  Toward  the  end  of  the  year,  they  are  given  a 
child  or  two  for  special  instruction.  At  the  close  of  the 
year,  they  must  pass  an  examination  on  the  work  for  the 
deaf,  after  which,  they  are  appointed  in  our  school  on  the 
highest  salary  schedule  paid  to  elementary  school  teachers. 
The  initial  salary  is  $1950.  It  increases  $150  each  year, 
reaching  a  maximum  of  $3250.  Credit  is  given  for  experi- 
ence prior  to  coming  into  this  problem.  This  method  insures 
teachers  with  good  pedagogical  training  and  a  practical 
knowledge  of  teaching  normal  children.  The  whole  year  of 
training  can  be  devoted  to  the  various  sides  of  the  work 
for  the  deaf.  At  the  same  time  there  is  no  desire  to  shut 
out  a  teacher  from  the  schools  for  the  deaf  who  may  want 
to  come  to  our  school.    She  may  take  the  examination,  and 
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if  she  passes,  her  name  is  put  on  an  eligible  list  for  appoint- 
ment later. 

The  pupils  come  from  the  five  boros  of  New  York 
City.  This  means  a  long-  journey  for  some  of  them,  but 
the  peculiar  nature  of  our  problem,  the  fact  that  these  chil- 
dren through  their  lack  of  hearing,  fail  to  have  language 
to  express  themselves  and  to  understand  how  to  communi- 
cate with  others,  makes  it  most  necessary  to  grade  very 
carefully.  For  five  years  we  tried  having  classes  in  the 
diflPerent  boros,  using  a  room  or  two  in  a  regular  school. 
This  proved  very  unsatisfactory.  The  children  had  to 
travel  a  distance  anyway,  and  the  class  contained  16  year 
old  pupils  and  babies,  children  who  had  speech  and  children 
who  could  not  speak  at  all,  children  who  had  some  hearing 
and  those  who  had  none.  It  was  an  impossible  task  for  the 
teacher,  who  missed  the  inspiration  of  being  with  other 
teachers  working  at  the  same  problem.  Finally  the  parents 
themselves  asked  to  have  the  children  in  the  central  school. 
As  far  as  possible  we  urge  the  parents  to  live  near  the 
school.  The  school  is  on  the  line  of  trolley  cars  and  ferries, 
and  the  subway  and  "L"  roads  have  stations  at  the  corner 
of  our  street.  The  city  pays  the  carfare  for  all  who  cannot 
afford  to  pay.  Our  older  pupils  act  as  escorts  for  the  youn- 
ger ones.  Sometimes  a  group  of  mothers  take  turns,  a 
week  about,  sometimes  a  father  on  his  way  to  business  will 
bring  the  child,  and  one  of  our  pupils  will  take  the  child 
home  at  three.  At  dismissal  time,  there  is  a  yard  where 
escorts  may  wait  and  two  teachers  are  always  on  duty  to 
connect  escort  and  child,  and  start  them  safely  on  their 
way.  We  have  never  had  an  accident.  The  conductors 
along  the  diflPerent  routes  know  our  children  and  are 
always  ready  to  help  them.  The  children  themselves  de- 
velop a  self  reliance  which  is  a  very  good  thing  for  deaf 
children,  who  as  a  rule  are  ever  ready  to  be  taken  care  of. 
They  also  add  largely  to  their  vocabulary,  as  they  see  so 
much  of  interest  in  their  travels.  Arriving  at  school,  the 
■first  exercise  is  "giving  a  journal"  as  we  call  it.  This  is  a 
graphic  description  of  something  observed  since  the  after- 
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noon,  before.  When  they  reach  a  place  in  the  story  where 
they  cannot  express  themselves  they  appeal  to  the  teacher, 
who  guesses  from  the  context  or  from  the  dramatic  efforts 
of  the  child,  the  word  that  is  needed. 

Our  school  is  in  session  from  9  to  3  for  the  younger 
children.  The  older  ones  stay  until  four  on  certain  days 
for  industrial  work.  At  10:30,  a  cup  of  milk  and  a  cracker 
are  served  to  children  who  are  not  strong  or  who  have 
come  a  long  distance.  At  noon  time,  we  serve  a  hot  lunch. 
These  are  specially  prepared  by  experts  who  have  made 
a  special  study  of  lunches  for  school  children.  For  7  cents 
the  child  receives  a  large  cup  of  milk,  two  slices  of  bread 
and  butter,  and  for  the  third  item  he  has  a  choice  of  two  or 
three  things.  Here  is  the  list  of  the  menus  for  two  days 
last  week : 

Menus  for  School  Lunches. 

1.  Cocoa  or  milk. 

bran  rolls  with  butter 
creamed  macaroni 
stewed  prunes  or  peaches. 

2.  Vegetable  soup  or  milk 

graham  bread  with  peanut  butter 

string  beans  cooked  in  milk 

ginger  bread  with  raisins. 
Crackers  and  chocolates  on  the  side. 
The  children  follow  a  specially  prepared  course  of 
study  in  physical  training  and  there  is  a  supervisor  who 
comes  to  direct  this  work  and  to  see  that  the  teachers  carry 
it  out  correctly.  It  includes  exercises  for  posture,  for 
rhythm,  equilibrium,  correction  of  defects,  for  eflfect  upon 
circulation  and  respiration,  and  for  recreation.  Twenty 
minutes  every  day  are  given  to  this,  supplemented  by  les- 
sons in  swimming  and  hiking  for  the  boys,  and  dancing  and 
hiking  for  the  girls.  The  public  pool  near  the  school  is 
used  for  swimming  and  for  several  winters  we  borrowed 
a  near  by  gymnasium  for  basket  ball  practice. 
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A  clinic  is  held  every  Thursday  afternoon  from  3  to  5. 
Our  aurist.  Dr.  G.  B.  McAuliffe,  and  our  internist,  Dr. 
Madden  McGinness.  have  given  their  services  for  this  work 
every  Thursday  for  14  years.  This  is  an  unusual  generosity, 
for  they  get  no  reward  except  the  thanks  of  grateful  par- 
ents, and  the  satisfaction  of  seeing  little  children  growing 
stronger  and  better.  The  Board  of  Health  allows  us  a 
nurse  at  the  clinic.  She  also  comes  every  day  for  three 
quarters  of  an  hour,  to  carry  out  the  doctor's  directions 
regarding  syringing  ears,  etc. 

A  year  ago  at  Doctor  Harris'  suggestion,  2,000  children 
in  one  of  our  typical  public  schools  were  examined  to  dis- 
cover how  many  children  might  have  some  degree  of  deaf- 
ness which  was  sufficient  to  impede  their  progress. 
The  results  as  Dr.  Harris  reported  showed  that  the  school 
doctors  and  the  teachers  had  been  mindful  to  watch  chil- 
dren for  deafness  and  only  six  cases  were  discovered  where 
the  defective  hearing  interfered  with  school  work.  There 
were  however  20  cases  of  children  who  should  have  been 
under  treatment.  These  were  reported  to  the  parents  and 
the  parents  told  where  to  go  for  treatment. 

Not  quite  satisfied  with  this  test  and  feeling  that  in 
many  instances,  teachers  failed  to  recognize  this  handicap, 
our  City  Superintendent  sent  out  a  circular  to  every  one  of 
our  25.000  teachers,  giving  them  some  very  simple  ways 
of  testing  for  deafness.  Teachers  were  told  to  test  their 
children,  to  report  their  findings  to  the  principal,  who  in 
turn  would  have  children  so  reported,  examined  by  the 
school  doctor.  If  he  corroborated  the  teacher's  decision,  the 
names  of  these  children  were  sent  to  me  for  an  examina- 
tion by  our  aurist.  A  parent  or  older  person  accompanies 
the  child  when  he  comes  for  examination,  so  as  to  give 
physical  record  of  the  child.  The  school  record  is  also 
sent  so  that  we  may  see  the  standing  of  the  child  in  his 
classes  throughout  his  school  career.  The  parent  is  present 
at  the  examination,  hears  the  aurist's  diagnosis  and  is 
told  what  to  do,  wherever  it  is  possible  to  help  through 
treatment.    A  report  is  also  sent  to  the  school,  so  that  the 
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school  may  co-operate  with  the  home.  Where  we  feel  that 
it  is  impossible  for  the  child  to  keep  up  in  the  regular 
school,  we  advise  that  the  child  be  transferred  to  our 
school.  We  are  still  examining  these  cases.  All  the  schools 
have  not  as  yet  reported,  but  we  have  received  600  names 
from  150  schools  so  far.  We  have  examined  165  cases.  Of 
this  number,  13  were  advised  to  attend  our  school,  because 
their  deafness  was  so  far  advanced  as  to  cause  them  to  fail 
of  promotion  several  times.  85  have  been  advised  to  have 
treatment,  67  were  minor  cases. 

We  have  had  so  many  problems  to  solve  in  the  short 
life  of  our  school,  that  we  have  not  been  able  to  solve  them 
all,  but  these  examinations  in  our  clinic  show  us  that  one 
of  our  next  steps  must  be  the  teaching  of  lip-reading  to  the 
children  who  are  slightly  deaf,  and  that  teachers  must  be 
instructed  to  look  out  for  such  children  and  remember  to 
stand  in  front  of  them  in  class  exercises.  These  children 
should  also  be  given  front  seats.  The  instruction  in  lip- 
reading  will  be  given  by  assigning  a  teacher  to  a  certain 
number  of  schools  for  a  period  of  teaching  lip-reading.  She 
will  collect  the  children  who  need  this  help  and  give  them 
20  or  30  minutes  teaching.  This  will  be  done  at  least  three 
times  a  week.  The  class  teacher  will  also  be  given  some 
idea  of  lip-reading  so  as  to  carry  out  the  plan. 

Our  Parents'  Association  paid  for  the  case  of  instru- 
ments used  in  our  clinic  and  have  also  just  paid  for  an  avi- 
ator's chair  where  our  aurist  is  carrying  on  some  experi- 
ments. In  special  cases  where  we  have  needed  further 
examination  or  treatments  of  other  parts  of  the  body,  we 
have  had  the  kindest  consideration  from  the  various  hospi- 
tals and  clinics.  At  the  Post  Graduate  Hospital,  20th  St.  and 
2nd.  Ave.,  doctors  taking  post  graduate  courses  on  the  ear, 
come  to  us  once  during  their  studies  to  see  what  can  be 
done  educationally  for  the  children  they  are  called  upon 
to  pronounce  deaf.  They  are  therefore  able  to  give  some 
cheer  to  the  despondent  parent  of  the  little  deaf  child. 

So  much  for  the  physical  side.  Now  for  the  educational 
side.    We  take  the  children  at  5  years  of  age.    They  enter 
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the  Kindergarten  where  we  combine  as  much  of  the  Kin- 
dergarten work  as  we  can  use,  with  the  teaching  of  lip 
reading  and  speech,  and  also  of  language,  for  all  our  babies 
come  to  us  without  speech,  without  a  word  of  language,  or 
any  idea  that  there  is  such  a  thing.  The  first  few  days  are 
spent  largely  in  loving  these  wee  lambs  and  making  them 
happy.  In  some  instances  any  place  other  than  home  is 
associated  with  pain  for  they  have  been  to  hospitals  fre- 
quently, and  fond  parents  are  always  trying  new  suggest- 
ions, such  as  chiro-practice.  The  teacher  has  great  need 
of  patience  with  her  little  brood  the  first  few  weeks.  She 
gets  them  all  seated  at  the  tables  happy  and  busy  with 
peg  boards  or  gifts.  Suddenly  the  one  farthest  away  from 
her  jumps  up  and  darts  for  the  yard.  No  use  calling  him. 
The  teacher  must  go  after  him.  By  this  time  he  is  oflf  in 
the  yard  and  running  about.  By  the  time  the  teacher  has 
captured  him  and  returned  to  her  room,  the  other  children 
have  decided  to  take  a  trip  too,  and  have  gone  out  through 
the  opposite  door  and  are  scampering  merrily  about.  But 
after  a  few  minutes  they  are  all  once  more  gathered  about 
the  teacher  and  in  a  few  days,  they  begin  to  learn  self  con- 
trol. Soon  after  this  the  parents  come  to  my  door  to  tell  me 
that  the  teacher  is  wonderful.  Jimmy  obeys  at  home  now. 
He  doesn't  keep  his  mother  on  the  anxious  seat  any  more, 
and  the  mother  wonders  how  the  teacher  has  accomplished 
it !  Language  begins.  Verbs  are  taught  through  what  we 
call  commands — The  teacher  tells  the  child  to — Run ! 
Jump  !  Walk  !  Hop  !  etc.,  showing  them  what  she  means. 
The  child  does  as  he  is  asked.  This  followed  by  "Open  the 
door !  Look  out  of  the  window !  etc.  Nouns  are  taught 
through  objects  and  pictures — a  shoe — a  thumb — an  arm, 
etc.  The  article  is  always  connected  with  the  noun.  As  the 
child  progresses,  he  learns  to  form  a  sentence — The  teacher 
says,  "Jump!"  The  child  jumps.  The  teacher  says.  "What 
did  you  do?"  The  child  answers  "I  jumped."  Another  child 
talks  to  the  first  one  and  says,  "You  jumped !"  The  pro- 
nouns "I"  and  "you"  are  thus  taught. 
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The  progress  is  slow  at  first.  Gradually  the  work  of 
the  regular  schools  is  introduced,  because  we  send  to  our 
regular  high  schools,  those  graduates  of  our  school  who 
wish  to  take  up  hig'h  school  work  and  have  the  ability  to 
do  so.  They  do  all  the  work  of  the  high  schools  keeping 
up  with  the  hearing  children  by  reading  the  lips  of  the 
teachers  and  pupils.  We  have  5  pupils  in  our  regular  high 
schools  now,  and  one  more  will  enter  this  June.  We  there- 
fore must  cover  the  course  of  study  of  the  regular  element- 
ary schools  so  as  to  prepare  these  pupils  for  high  school. 
In  the  early  classes,  it  takes  a  year  to  cover  what  a  hearing 
child  can  do  in  six  months,  but  later  the  deaf  child  can  keep 
pace  with  the  hearing  child.  It  takes  us  from  10  to  11 
years  to  cover  the  work  done  by  the  hearing  child  in  eight 
years.  We  take  arithmetic,  geography,  history  and  civics, 
composition,  grammar,  reading  and  penmanship.  We  omit 
music,  except  as  it  is  used  for  rhythm.  Our  drawing  runs 
into  vocational  training.  We  teach  spelling  incidentally  as 
our  only  poor  spellers  are  those  who  have  heard  at  some 
time.  Visualization  makes  good  spellers.  The  course  in 
grammar  is  prepared  especially  for  deaf  children.  They 
must  begin  grammar  early  in  order  to  get  a  straight  means 
of  communication  with  their  fellowmen.  They  must  get 
such  things  as  tenses  of  verbs  and  grammatical  construc- 
tions through  basic  language  drills.  This  is  formal  and  hard 
as  we  see  it,  but  we  sugarcoat  it  with  plenty  of  action  and 
illustration,  so  the  child  does  not  regard  it  as  drudgery. 
A  series  of  books  prepared  by  the  teachers  cover  the  lan- 
guage work  for  the  early  years.  These  are  arranged  by 
weeks  for  three  years. 

In  addition  to  the  physical  and  academic  side,  we  de- 
cided very  early  in  the  history  of  this  school  that  it  was 
not  enough  to  send  them  out  with  a  diploma  and  a  "God 
Speed !"  They  needed  to  find  a  place  in  the  world  to  work 
and  to  be  self  supporting.  So  we  started  vocational  train- 
ing. Printing,  carpentry,  basketry,  handlettering,  and 
sign  painting  are  taught  the  boys.  Sewing  and  simple 
dressmaking,  millinery,  flower  making,  beading  and  fring- 
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ing  and  cooking  are  taught  the  girls.  Every  graduate  is 
assured  a  position. 

The  teachers  for  these  subjects  have  come  from  the 
trades  so  they  have  direct  trade  experience.  This  work 
has  grown  so  in  our  city  that  the  teacher  who.  10  years  ago, 
started  the  work  in  our  school,  is  now  in  charge  of  all  the 
handicapped  children  for  industrial  training  and  placement. 
She  trains  the  class  room  teachers  in  this  work,  supervises 
the  work,  and  secures  positions  later.  The  work  begins 
with  the  little  children  in  simple  modeling  and  construc- 
tion of  vegetables  and  fruits  and  flowers,  giving  the  child 
power  with  scissors  and  pencil  and  clay,  teaching  accuracy 
and  carefulness,  and  appealing  to  the  child's  love  of  color 
and  of  beauty.  Every  lesson  has  a  purpose  and  all  lead 
up  to  real  trade  work  and  a  position.  For  the  crippled  child 
it  has  often  led  to  a  strengthening  of  muscles  which  have 
been  helpless. 

You  may  be  interested  to  know  the  various  groups  of 
handicapped  little  ones  cared  for  in  our  schools — We  have 
classes  for  the  crippled,  the  anemic,  the  tubercular  (taught 
in  the  open  air  on  boats),  the  cardiac,  the  blind,  sight  con- 
servation classes,  classes  for  mentally  defective,  hospital 
classes  for  all  sorts  of  helpless  children,  including  classes 
for  30  children  who  are  post  diphtheritic  cases  compelled 
to  live  on  and  on  in  the  Willard  Parker  Hospital  for  fear  of 
the  dislocation  of  the  tube  in  their  throats.  These  chil- 
dren are  under  my  care  also,  as  well  as  the  deaf  children. 
The  helpless  cripples  who  cannot  walk  have  teachers  go  to 
their  homes  to  teach  them.  There  are  also  classes  for  chil- 
dren who  have  spe^cn  defects. 

To  come  back  to  our  school  we  have  a  strong  Parents' 
Association  which  meets  at  the  school  every  other  month 
to  discuss  the  needs  of  the  school,  to  visit  the  class  room« 
and  see  their  children  at  work  and  to  talk  with  the  teachers 
over  the  progress  of  the  children.  This  is  followed  by  a 
meeting  where  special  speakers  give  talks,  our  cooking 
teacher  gives  demonstrations  of  proper  food  for  children, 
our  doctors  tell  mothers  what  to  do  for  children's  health, 
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etc.  The  interest  of  these  parents  lasts  long  after  their 
children  have  been  graduated  and  an  auxiliary  committee 
of  these  parents  have  pledged  themselves  to  give  a  certain 
sum  each  year  for  special  needs  of  the  school,  and  to  con- 
tinue to  attend  the  meetings. 

An  Alumni  Association  is  another  factor  of  the  school. 
This  has  met  once  a  month  on  Sunday  afternoons  for  9 
years.  This  year,  the  school  has  been  opened  one  night  a 
week,  also.  These  meetings  are  purely  social  but  the 
teachers  and  my  assistant  and  I  are  present  and  in  conver- 
sation with  individual  pupils.  We  learn  what  they  are  do- 
ing, how  they  are  succeeding,  and  often  we  are  asked  for 
advice.  It  is  a  very  usual  thing  to  have  former  pupils  run 
in  at  their  noon  hour  to  greet  us,  to  tell  of  a  raise  in  salary, 
or  to  tell  of  lack  of  success  and  need  of  advice.  Whenever 
these  workers  have  slow  times  or  a  strike  or  other  happen- 
ing gives  them  a  day  without  work,  back  they  come  to 
school,  and  I  find  them  in  the  printing  room  or  in  a  class 
room  getting  a  lip  reading  lesson,  as  if  they  were  again 
pupils  in  the  school.  They  are  always  glad  to  come  back, 
and  I  am  kept  busy  answering  the  letters  they  send  me. 

Next  winter  we  expect  to  have  a  teacher  at  our  week 
day  meetings  to  give  lessons  in  lip  reading,  to  brush  up 
our  boys  and  girls  in  this  all-important  subject. 

One  of  our  graduates  is  a  graduate  of  the  Stevens 
School  of  Technology  with  a  degree  of  M.  E.  He  is  em- 
ployed in  the  Long  Island  Lighting  Co.  Another  lad.  after 
going  through  the  high  school  course,  worked  half  a  day 
at  the  Edison  Works,  and  studied  in  the  afternoon  and 
evening  at  the  Newark  Technical  School.  He  sent  me  an  in- 
vitation to  his  graduating  exercises  last  night.  Another 
lad  after  a  high  school  course,  and  four  years  at  the  Me- 
chanics Institute,  took  the  Civil  Service  Examination  for 
Draftsman  and  came  out  second  highest  in  the  city.  He  is 
now  employed  in  our  own  l>uilding  department,  and  has 
been  helping  on  the  plans  for  our  new  building.  Another 
lad,  congenitally  deaf  and  totally  so,  is  a  senior  in  one  of 
our  high  schools.    Two  have  finished  the  course  in  mechan- 
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ioal  dentistry  and  two  others  are  doing  engraving  with 
Bank  Note  Companies.  Another  lad  is  with  the  Tiffany  Co. 
Two  or  three  are  at  linotyping  and  a  number  are  in  print- 
ing houses. 

The  girls  are  employed  in  all  the  best  millinery  shops 
on  Fifth  Avenue.  They  too  have  been  successful.  A  close 
touch  is  maintained  between  the  employer  and  the  school, 
and  it  has  happened  quite  often  that  I  have  had  more  de- 
mands for  positions  than  I  had  children  to  fill  them. 

The  most  interesting  news  at  present  is  that  the  plans 
for  our  new  building  have  been  approved  and  within  the 
next  few  months  ground  will  be  broken  for  this  much 
needed  factor  to  our  success.  The  building  will  occupy  the 
site  of  the  present  building  and  will  extend  through  to  the 
next  street.  It  will  contain  model  class  rooms  with  due 
regard  to  the  need  of  plenty  of  light,  fine  industrial  shops, 
a  gymnasium  for  boys  and  one  for  girls,  a  roof  playground, 
a  lunch  room  on  the  roof  where  the  children  may  eat  in 
the  sunshine,  a  nature  room  for  animals,  and  a  garden  on 
the  roof,  an  auditorium,  with  arrangements  for  moving 
pictures  and  a  stage  for  dramatic  performances.  There 
will  be  a  full  medical  unit,  for  examination  of  eyes,  ears, 
etc.,  a  dental  room,  and  a  pleasant  waiting  room  for  pa- 
tients. There  will  be  rest  rooms  for  teachers  and  an  infir- 
mary for  a  sick  child.  An  elevator  will  take  children  up 
and  down,  and  there  will  be  a  room  where  parents  who  ac- 
company children  to  school  may  wait  for  them.  Every 
room  will  be  supplied  with  closets  for  charts  and  books 
and  there  will  be  a  library,  for  we  are  doing  all  we  can 
to  get  our  children  to  love  books.  At  present  we  borrow 
the  public  library  and  send  classes  there  once  a  week  to 
browse  and  to  get  the  atmosphere  of  books.  In  the  lonely 
hours  which  may  come  to  them  later,  they  may  be  glad  to 
avail  themselves  of  the  public  library. 

This  is  what  the  public  day  school  of  New  York  City 
is  doing  for  its  deaf  children.  There  are  a  number  of 
dreams  stiJl  to  be  fulfilled.  They  will  become  realities  some 
day.     I  have  talked  mostly  of  my  own  work,  because  it 
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is  that  with  which  I  am  most  familiar.  As  our  school  is  the 
largest  public  day  school  for  the  deaf  in  the  country,  and 
the  fifth  largest  of  all  the  schools,  perhaps  it  gives  you  a 
fair  idea  of  the  possibilities  of  the  public  day  school  for 
children  who  though  forever  walled  in  by  silence,  still  may 
bravely  fill  a  niche  in  this  world  and  help  in  the  making  of 
a  great  fine  America. 


LIP-READING  FOR  THE-HARD-OF-HEARING. 

By  ELIZABETH  HELM  XITCHIE,  Xew   York  City. 

Before  taking  up  my  subject  this  afternoon  I  should  Hke 
to  make  very  clear  to  you  the  class  of  people  about  whom  I 
am  to  talk.  When  I  use  the  term  "hard-of-hearing,"  or  **deaf- 
ened,"  I  do  so  to  distinguish  between  those  who  are  congeni- 
tally  deaf,  or  who  have  become  deaf  before  having  learned  to 
speak.  The  hard-of-hearing  person  may  have  only  a  slight 
impairment  of  his  hearing,  or  he  may  be  "stone  deaf,"  but  in 
every  case  he  has  his  speech,  and  in  many  cases  he  has  not  be- 
come deaf  until  he  has  reached  mature  years. 

Lip-reading  is  known  to  but  comparatively  few  people,  and 
an  even  smaller  number  appreciate  its  value.  The  natural 
question  in  the  mind  of  the  average  person  is,  "What  is  lip- 
reading?"  Mr.  Nitchie  defined  it  as  "the  art  of  understanding 
a  speaker's  thought  by  watching  the  movements  of  his  mouth.'.' 

You  will  notice  that  Mr.  Nitchie  speaks  of  lip-reading 
as  an  art.  In  this  connection  I  shall  quote  from  an  article  which 
he  wrote  in  1913 :  "Lip-reading  has  made  giant  strides  among 
the  adult  deaf  and  hard-of-hearing  during  the  last  fifteen 
years.  It  is  a  conservative  statement  that  where  one  such  per- 
son was  taught  lip-reading  then,  ten  are  taught  now.  And  one 
of  the  chief  reasons  for  this  great  gain  is  that  lip-reading  has 
been  increasingly  recognized  as  an  art. 

"When  lip-reading  was  regarded  more  as  a  science,  it  could 
with  honesty  make  exaggerated  claims.  Even  at  the  present 
day  we  occasionally  see  advertisements  in  the  old  style :  'Easily, 
rapidly  learned;  results  uniformly  successful;  age  no  obstacle.' 
It  is  not  easily  and  rapidly  learned ;  results  are  not  uniformly 
successful ;  age  is  an  obstacle.  A  science  might  be  systematized 
so  as  to  be  learned  easily,  but  an  art  is  learned  easily  only  by 
those  who  have  the  natural  bent.  A  science  may  be  studied 
by  all  of  average  intelligence  with  fairly  uniform  results,  but 
an  art  must  register  all  degrees  of  skill,  from  lowest  to  highest, 
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among  its  devotees.  Age  may  be  little  hindrance  to  the  mastery 
of  a  science,  but  in  the  acquirement  of  an  art  age  makes  a  real 
difference,  save  again  for  those  who  have  the  natural  bent. 

"Considering  lip-reading  as  an  art  thus  seems  to  multiply 
its  difficulties,  and  it  sounds  like  a  paradox  to  say  that  such  a 
treatment  of  the  subject  has  greatly  promoted  its  study;  but 
it  is  the  truth.  Though  in  the  earlier  days  there  was  not,  I  be- 
lieve, intentional  dishonesty  in  making  exaggerated  claims,  the 
effect,  nevertheless,  was  the  same.  Any  one  promising  the  im- 
possible is  looked  upon  as  a  quack  and  is  avoided  by  the  intel- 
ligent majority.  When  we  frankly  admit  the  difficulty  of  the 
study,  make  clear  that  while  help  is  possible  for  almost  all, 
the  highest  skill  is  possible  only  to  the  few — as  almost  any  one 
can  learn  to  play  the  piano,  but  only  the  few  can  be  virtuosos — 
we  can  win  the  confidence  of  the  public,  and  they  are  embold- 
ened to  undertake  the  study  without  false  hopes,  but  with  the 
assurance  of  help  in  some  measure  for  their  needs. 

"While  lip-reading  as  an  art  does  not  make  the  promise 
that  lip-reading  regarded  as  a  science  did,  it  in  fact  accomplishes 
more  in  effective  results.  This  is  in  part  because  its  promises 
now  are  kept,  while  its  promises  under  the  scientific  treatment 
were  kept  only  in  theory.  The  theory  doubtless  was  learned 
easily  and  rapidly,  but  the  failure  to  apply  it  practically  left  the 
pupil  in  the  matter  of  skill  about  where  he  was  at  the  begin- 
ning." 

You  will  notice  also  from  Mr.  Nitchie's  definition  that  he 
did  not  say  the  lip-reader  will  get  every  word,  but  that  he 
must  "understand  the  speaker's  thought."  It  may  interest  you 
to  have  me  tell  you  briefly  some  of  the  difficulties  with  which 
a  lip-reader  must  contend,  and  why  it  is  so  very  necessary  to 
place  the  emphasis  on  the  development  of  the  mental  factors 
which   contribute   to   successful   lip-reading. 

First  of  all,  many  of  our  sounds  are  obscure.  It  is  very 
difficult,  if  not  impossible,  to  recognize  them  with  any  degree  of 
accuracy.  The  average  of  obscure  sounds  in  natural  speech  is 
somewhere  between  forty  and  seventy-five  per  cent. 

In  addition  to  the  obscure  sounds,  the  lip-reader  is  hin- 
dered by  the  rapidity  of  speech  sounds.     There  are  thirteen 
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sound  movements  per  second,  and  only  ten  can  be  seen  by  the 
quickest  eye,  so  that  even  for  the  exceptionally  quick  eye  three 
sound  movements  per  second  are  lost. 

Also,  while  no  two  sounds  are  formed  in  exactly  the  same 
way,  many  of  them  are  revealed  by  identical  movements.  Al- 
most every  word  contains  one  or  more  sounds  that  from  ap- 
pearance only  might  be  something  else.  Almost  forty  per  cent, 
of  the  sounds  have  some  other  sound  or  sounds  that  appear 
just  the  same  on  the  lips,  and  about  fifty  per  cent,  of  the  words 
have  one  or  more  words  that  are  identical  in  appearance,  so  that 
the  lip-reader  must  be  trained  to  get  the  right  word  from  the 
thought.  These  like-appearing  sounds  are  called  "homophenes." 
Add  to  all  this  the  fact  that  very  nearly  fifty  per  cent,  of  the 
sound  movements  are  subject  to  variations ;  that  is,  that  they 
have  no  absolutely  fixed  movements  which  can  be  invariably 
relied  upon.  Furthermore,  lips  vary  as  much  in  the  formation 
of  the  movements  as  handwritings  do  in  the  formation  of  the 
symbols. 

But  this  is  not  quite  all,  for  we  must  not  forget  the  diffi- 
culty, often,  of  a  jxx)r  light — for  the  lips  can  be  read  only  if 
they  can  be  seen  distinctly — and  the  fact  that  some  people  do 
not  move  their  lips  at  all. 

You  might  well  ask,  after  what  1  have  told  you,  "Can  any 
one  learn  to  read  the  lips?"  In  answer  I  shall  quote  Mr. 
Xitchie  again:  "If  we  did  not  positively  know  otherwise,  the 
temptation  would  be  to  say  that  lip-reading  is  impossible.  Yet 
it  is  possible ;  there  is  plenty  of  living  evidence  to  prove  that. 
The  physical  factor  alone,  however,  could  never  achieve  the 
miracle;  if  all  of  the  work  had  to  be  done  by  the  eyes  unaided, 
reading  the  lips  would  be  like  reading  an  endless  procession  of 
proper  names." 

Mr.  Xitchie  calls  the  mental  factor  the  lip-reader's  "life- 
saver."  The  lip-reader  must  be  trained  to  get  the  thought  as 
a  whole ;  also  he  must  be  trained  to  associate  ideas — to  put  two 
and  two  together — to  anticipate  the  thought  of  the  speaker  from 
some  clue  which  he  may  have.  His  mind  must  be  trained  to  be 
quick,  and  to  be  alert,  and  he  must  be  taught  to  concentrate. 
If  he  is  trained  along  these  lines,  in  addition  to  having  his  eyes 
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trained  to  as  high  degree  of  accuracy  as  possible,  he  will  find 
his  lip-reading  of  practical  value,  and  be  able  to  hold  his  own 
in  the  business  and  social  world  once  more.  An  expert  lip- 
reader,  whether  a  "natural"  one  or  one  who  has  been  trained, 
has  no  more  consciousness  of  how  he  reads  the  lips  than  you 
have  of  how  you  read  the  printed  page. 

This  degree  of  skill  requires  time,  and  much  hard  work, 
the  amount  of  time  and  work  depending  largely  upon  the  indi- 
vidual, for  "what  one  will  acquire  in  three  months  it  may  take 
another  three  yeiirs  to  acquire."  One  of  the  greatest  obstacles 
to  the  study  of  lip-reading,  and  the  reason  why  the  study  is  post- 
poned from  year  to  year  until  the  victim  of  deafness  often  be- 
comes totally  deaf  before  coming  to  it,  is  that  it  does  require 
time  and  effort  and  an  infinite  amount  of  patience.  So  few 
people  in  adult  life  are  willing  to  exert  themselves  to  take  up 
the  study  of  a  new  subject. 

But  if  the  person  who  is  deaf  enough  to  be  inconvenienced 
at  all  could  be  persuaded  to  study  lip-reading  it  would  save  a 
tremendous  amount  of  nerve-strain  and  mental  anguish,  and 
the  study  itself  would  be  so  much  easier  than  it  is  after  one  has 
become  totally  deaf. 

Hearing  people  (and  sometimes  the  hard -of -hearing)  are 
prone  to  expect  us  to  bestow  lip-reading  upon  our  pupils,  or  to 
perform  a  miracle  and  make  a  lip-reader  over-night.  While 
Mr.  Nitchie  speaks  of  lip-reading  as  a  "miracle,"  he  does  not 
mean  that  it  is  something  which  one  gets  for  the  mere  asking, 
but  that  it  is  a  miracle  which  is  accomplished  through  hard 
work. 

So  many  pupils,  however,  will  not  practise,  or  make  the 
effort  to  become  skillful,  and  then  if  they  do  not  succeed  they 
blame  the  school  and  claim  that  there  is  nothing  in  lip-reading 
after  all,  whereas  the  fault  is  theirs  in  not  being  willing  to  work 
for  the  one  thing  that  will  give  relief. 

We  all  know  people  who  "enjoy  poor  health,"  and  this 
same  type  of  person,  when  deafened,  enjoys  being  miserable 
and  doesn't  wish  to  do  anything  that  will  take  him  out  of  him- 
self. 
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As  we  all  know,  deafness  causes  its  victim  to  withdraw 
more  and  more  from  the  hearing  world,  with  the  result  that  the 
mind  of  the  deafened  person  becomes  sluggish,  and  he  oft^n 
loses  the  power  of  concentration.  The  study  of  lip-reading 
quickens  the  mind ;  makes  it  wide-awake  and  alert ;  trains  the 
memory,  and  is  splendid  training  for  concentration.  Conse- 
quently, it  often  happens  that  a  pupil  is  transformed  from  an 
apathetic,  listless  individual  into  one  who  is  alive  and  full  of 
energy,  and '  who  has  the  power  to  concentrate  on  any  given 
work.  We  are  constantly  hearing  pupils  say:  "Oh,  if  I  had 
only  known  of  lip-reading  long  ago,  before  I  became  so  deaf, 
what  a  difference  it  would  have  made!"  "Why  didn't  some- 
one tell  me  about  it  before?"  "If  I  had  only  had  lip-reading 
when  I  first  began  to  grow  deaf  I  might  not  have  had  to  give  up 
my  work."  etc. 

Do  not  expect  too  much  of  the  lip-reading  pupil,  at  first, 
any  way.  Many  times  the  friends  and  relatives  of  a  pupil  give 
the  most  impossible  tests  to  one  who  has  had  a  few  lessons, 
and  then  if  the  lip-reader  "falls  down,"  the  kind  (  ?)  friend  will 
conclude  that  lip-reading  isn't  worth  while,  and  will  discour- 
age one  who  should  have  every  encouragement  and  all  of  the 
help  possible. 

You  would  not  expect  your  child  to  read  any  book  put 
before  him  after  a  few  reading  lessons,  nor  would  you  expect 
to  understand  a  foreign  language,  when  spoken  fluently,  if  you 
had  just  taken  up  the  study  of  that  language.  It  would  be 
absurd  to  expect  it,  and  it  is  quite  as  absurd  to  expect  a  deaf- 
ened person  to  understand  conversation  from  the  lips  after  a 
few  lessons. 

So  much  for  the  actual  teaching  of  lip-reading,  which  is 
but  a  small  part  of  our  work,  after  all.  Almost  invariably 
deafness  has  a  psychological  effect  on  its  victims.  I  do  not 
know  of  any  physical  handicap  which  brings  such  depression 
as  does  acquired  deafness.  It  is  not  unusual  to  have  a  pupil 
come  to  us  who  is  on  the  point  of  committing  suicide. 

This  depression  is  due  to  many  causes,  but  largely  to  the 
fact  that  we  are  all  dependent  on  the  human  voice  for  happi- 
ness, and  the  natural,  free  intercourse  with  family  and  friends, 
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though  we  may  not  be  conscious  of  it  until  the  voice  is  lost  to 
us  and  we  are  practically  cut  off  from  the  hearing  world,  being 
forced  to  live  in  a  world  of  our  own.  A  deafened  person  is 
apt  to  make  "funny"  mistakes,  and  to  be  laughed  at  for  them, 
which  has  a  tendency  to  make  him  sensitive  and  to  hesitate  to 
run  the  risk  of  misunderstanding.  He  does  not  like  to  be 
shouted  at,  for  it  makes  him  conspicuous,  and  he  feels  that  it 
is  a  burden  for  his  friends  to  talk  to  him,  so  he  avoids  family 
and  friends,  and  more  and  more  draws  within  himself,  until 
there  is  danger  of  disaster  unless  someone  comes  to  his  res- 
cue. 

Not  the  least  among  the  evils  of  deafness  is  the  nervous 
tension  which  comes  from  straining  every  nerve  to  hear  what 
is  said,  and  the  fear  that  after  all  the  important  thing  will  be 
lost.  Skill  in  reading  the  lips,  and  I  put  the  emphasis  on  the 
word  skill,  in  every  case  relieves  this  tension  to  a  great  extent, 
and  often  almost  entirely,  for  the  deafened  person  can  supple- 
ment his  hearing  by  filling  in  the  gaps  with  his  eyes.  In  other 
words,  he  can  let  his  eyes  and  ears  work  together.  I  have  pur- 
posely stres.sed  the  ability  to  read  the  lips,  for  the  taking  of 
the  lessons,  without  acquiring  some  ability  to  read,  will  not 
help. 

Lip-reading  pupils  are  given  every  encouragement  to  use 
all  of  the  hearing  that  they  have;  in  fact,  they  are  told  to  "use 
their  ears  for  all  they  are  worth,"  but  to  let  their  eyes  help  as 
much  as  ix)ssible.  In  fact,  I  use  voice  in  teaching,  and  where 
a  pupil  has  sufficient  hearing  to  permit  of  it,  I  let  him  have 
just  a  murmur  of  the  voice  throughout  the  lesson.  The  result 
of  the  combined  work  of  the  eyes  and  the  ears  is  invariably 
a  lessening  of  the  tension  which  comes  from  trying  too  hard 
to  hear.  Almost  all  deafened  people  with  whom  I  have  talked 
have  told  me  that  this  nerve-strain,  and  the  fear  of  not  hearing, 
seem  to  make  them  deafer  and  prevent  them  from  hearing,  in- 
stead of  helping. 

Ability  to  read  the  lips  restores  the  self-confidence  of  the 
deafened  person,  for  he  realizes  that  what  his  ears  fail  to  get 
his  eyes  may  see.  Instead  of  lip-reading  causing  the  pupil  to 
Jose  what  hearing  he  has,  in  some  cases  the  relief  from  the  nerv- 
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ous  strain  has  so  improved  the  general  condition  that  there 
has  been  a  slight  improvement  in  the  hearing.  I  have  yet  to 
know  of  one  case  where  the  hearing  has  been  injured  by  reliev- 
ing the  terrific  strain  that  is  put  upon  one  who  is  partially  or 
totally  deaf. 

Furthermore,  lip-reading  gives  the  sensation  of  hearing. 
Where  one  can  hear  only  the  slighest  murmur  of  the  voice,  if 
he  reads  the  lips,  he  feels  that  he  has  heard  what  has  been  said, 
and  often  it  is  hard  to  convince  such  a  one  that  he  has  not 
actually  heard,  but  that  his  mind  has  interpreted  into  sound 
what  he  saw  on  the  lips.  Often  I  have  been  told  by  a  pupil : 
"I  don't  read  the  lips,"  but  on  questioning  this  same  pupil,  he 
has  confessed  that  he  does  not  hear  in  the  dark. 

Lip-reading  should  be  as  much  a  sub-conscious  process  as 
reading  the  printed  page,  and  the  "natural"  lip-reader  does 
it  without  any  conscious  knowledge  that  he  is  doing  it.  The 
time  comes  in  every  lip-reader's  experience  when  he  doesn't 
know  that  he  reads  the  lips;  he  just  understands  what  is  said 
as  sub-consciously  as  you  hear,  if  he  understands  at  all.  Even 
those  who  are  totally  deaf  have  the  sensation  of  hearing,  when 
they  understand  through  lip-reading,  and  this  has  a  marked 
psychological  effect  upon  them.  It  is  so  pleasant  to  feel  that 
they  have  heard,  even  if  they  do  know  that  they  have  not.  Just 
as  the  blind  man  who  has  once  had  sight  visualizes  the  things 
about  which  you  talk  to  him,  so  the  hard-of-hearing  person, 
though  totally  deaf,  "hears"  what  you  say,  if  he  understands 
you  at  all.  If  he  does  not,  then,  alas!  he  is  painfully  conscious 
that  he  is  deaf.  Lip-reading  is  not  a  perfect  substitute  for 
good  ears,  for  there  is  none,  but  it  is  the  best  substitute  there  is, 
and  it  is  a  wonderful  aid. 

As  I  have  said  before,  the  teaching  of  lip-reading  is 
not  all  of  our  work.  We  must  help  our  pupils  to  rise  above 
their  handicap,  to  feel  that  life  is  worth  living  after  all,  and 
that  there  is  a  work  waiting  for  them  to  do  which  they  may 
be  able  to  do  better  than  some  one  else  just  because  they  are 
deafened.  There  are  many  lines  of  work  in  which  deafness 
is  no  handicap  whatever.     If  the  pupil  needs  employment  or 
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vocational  tfaining,  he  is  sent  to  the  nearest  league,  of  guild" 
or  club  for  the  hard-of-hearing  where  he  may  get  expert  advice. 

Many  pupils,  however,  do  not  need  employment,  but  they 
do  need  a  normal  social  life.  Affairs  at  the  schools,  or  at  the 
leagues,  or  clubs,  provide  them  with  opportunities  for  socia- 
bility and  for  service,  and  give  them  confidence  to  gradually 
get  back  into  the  hearing  world.  It  is.  always  our  aim  to  help 
our  pupils  to  be  just  as  normal  in  every  respect,  except  that 
their  hearing  is  not  perfect,  as  any  other  person.  For  this 
reason  we  advocate  the  use  of  hearing  devices,  where  they- 
help,  so  long  as  such  devices  are  not  used  to  the  detriment  of 
lip-reading.  There  are  many  times  and  places  where  lip-reading 
is  of  little  or  no  help,  and  then  a  hearing  device  may  be  invalu- 
able^— at  the  theatre,  church,  a  lecture,  a  dinner  party,  or  any 
kind  of  a  party  where  conversation  is  general.  To  be  sure, 
such  devices  are  not  always  helpful,  but  where  they  are  they 
are  capable  of  giving  untold  joy  to  the  ones  who  use  them,  and 
I  do  not  know  of  anyone  who  has  been  injured  by  their  use. 
My  advice  is  always  to  use  anything  that  will  make  it  possible, 
for  them  to  keej)  up  with  what  is  going  on  around  them,  and 
that  will  make  it  possible  for  them  to  work  or  play  like  other 
people. 

In  this  connection,  I  should  like  to  say  to  you  that  some 
of  the  finest,  most  attractive,  wholesome-minded  and  cultured 
people  are  to  be  found  among  our  lip-readers.  They  are  taking" 
their  part,  not  only  in  business,  but  in  everything  that  inter- 
ests a  hearing  person,  and  with  many  of  them  you  would  never 
think  of  their  being  deafened.  Do  not  feel  that  I  am  claiming 
that  we  are  always  successful,  for  we  are  not.  We  all  have 
our  disappointments,  and  our  failures,  but  in  the  majority  of 
cases  we  are  able  to  be  of  real  service. 

We  do  not  perform  miracles,  but  in  many  cases  we  do  help 
oiir  pupils  to  rise  above  their  handicap  and  make  it  serve  them, 
instead  of  allowing  it  to  overwhelm  them  and  ruin  their  fives. 
Many  deafened  men  and  women  have  succeeded,  not  "in  spite 
of  their  deafness,  but  because  of  it,"  and  it  is  our  mission  to 
help  them  to  such  success. 
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Discussion. 

Dr.  M.  A.  Goldstein.  St.  Louis,  Missouri :  For  the 
iirst  time  in  many  years  the  attempts  to  interest  the  Oto- 
logical  Society  in  the  teaching  of  the  deaf  is  taking  serious 
root.  In  my  travels  from  coast  to  coast  I  have  never  seen 
the  equal  of  this  day  school  for  the  deaf.  It  has  the  best 
speech  and  lip  reading,  the  best  cooperative  corps  of  teachers 
: anywhere  in  the  country,  I  hope  this  type  of  work  will 
spread  all  over  the  country.  I  have  learned  more  today 
than  I  have  learned  in  10  years,  in  hearing  this  beautiful 
symposium  on  the  deaf,  in  all  phases  of  the  question.  Next 
year  the  Trilogical  meets  in  St.  Louis  and  we  shall  hope 
to  give  you  an  actual  demonstration  by  the  pupils  and 
teachers  of  the  Central  Institute  for  the  Deaf. 

Dr.  Shambaugh,  Chicago,  111. :  The  thanks  of  the  So- 
ciety are  due  to  those  who  have  given  us  this  interesting 
work  on  the  methods  of  teaching  the  deaf.  It  is  the  duty 
of  all  otologists  to  give  this  information  to  their  patients 
who  are  losing  their  hearing,  so  that  they  may  know  of  all 
the  aids  which  are  available  for  the  deafened  person. 


CLASSIFICATION  OF  DEAFNESS  FROM  THE 
STANDPOINT  OF  ITS  PATHOLOGY,  FUNCTIONAL 
TESTS  AND  PEDAGOGY. 

By  MAX  A.    GOLDSTEIN,    M.    D.,    St.    Louis,    Mo. 

In  the  classification  and  differential  diagnosis  of  types 
of  deafness  the  early  literature  of  otology  affords  us  sev^ 
eral  homely  standards,  based  on  the  recognition  of  two  dis- 
tinctly different  functions  of  the  organ  of  hearing, — conduc- 
tion and  perception.  It  has  been  an  accepted  tradition  to 
continue  this  differentiation  of  deafness  of  the  conducting 
apparatus  and  deafness  of  the  perceiving  apparatus. 

Our  second  fixed  standard  of  recognition  has  been  the 
empirical  subdivision  of  the  ear  into  three  anatomical  sec- 
tions : — 
(a)  external  ear,  (b)  middle  ear,  (c)  internal  ear. 

Armed  with  these  two  fundamental  principles  the  lit- 
erature of  otology  since  its  establishment  as  a  recognized 
specialty  has  continued  the  classification  and  differentia- 
tion of  deafness  in  this  manner  with  orthodox  persistency. 

A  better  understanding  of  the  anatomical  details  of  the 
temporal  bone,  the  numerous  contributions  and  advances 
in  the  microscopic  anatomy  and  pathology  of  the  cochlea, 
the  epoch-making  researches  of  the  past  two  decades  in 
the  functions  of  the  static  labyrinth,  the  serious  clinical  and 
laboratory  investigation  in  the  problems  of  otosclerosis  and 
a  closer  study  of  the  pathology  and  pedagogy  of  deaf-mu- 
tism together  with  a  better  knowledge  of  acoustics  and  its 
application  to  the  hearing  mechanism  by  means  of  tuning 
forks,  high-pitched  musical  instruments  and  electric  de- 
vices, should  place  us  in  a  position  to  discuss  more  exactly 
and  more  authoritatively  the  status  of  deafness,  its  classi- 
fication into  types  and  its  finer  differentiation. 

Pathology.  Deafness  due  to  a  pathology  of  the  con- 
ducting mechanism  of   the  ear  may  still  be  classified  in  tra- 
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ditional  form.  We  recognize  the  external  ear  and  the  mid- 
dle ear,  including  the  membrana  tympani,  the  ossicular 
chain  ending  with  the  footplate  of  the  stapes  and  its  artic- 
ulation in  the  oval  window  and  the  surrounding  aerated  and 
mucOsa-lined  tympanic  cavity  as  the  definite  conducting 
mechanism  of  a  sound  wave.  Any  mechanical  interference 
or  pathological  change  in  any  part  of  this  conducting 
mechanism  is  definitely  classified  as  Conduction  Deafness 
and  the  otologist  should  be  able  to  maintain  an  unchal- 
lenged position  in  this  group  of  cases. 

The  pathological  difficulties  that  may  arise  in  deter- 
mining the  presence  of  conduction  deafness  with  exactness 
are  in  the  spongification  or  other  changes  about  the  oval 
window,  as  in  otosclerosis,  or  the  change  in  the  character 
or  consistency  of  the  endolymph  after  serous  labyrinthi- 
tis, as  both  the  footplate  articulation  in  the  oval  window 
and  the  endolymphic  fluid  must  still  be  regarded  as  a  part 
of  the  conducting  mechanism.  It  is  here  that  our  clinical 
and  functional  tests  and  our  understanding  of  the  conduc- 
tion mechanism  of  the  ear  are  still  vague. 

Classification  of  Clinical  Types  of  Deafness. 

Estimated  by  their  clinical  character.  I  have  classified 
deafness  into  seven  (7)  groups : — 
Group  I.  Lymphatic  Type. 

Lymphatic  diathesis  with  hypertrophied  tonsils,  ade- 
noids, lymphoids,  nodules  throughout  the  upper  respiratory 
tract,  pale  and  soft  Schneiderian  membranes  with  tenden- 
cies to  frequent  and  various  aerobid  infections  whereby  a 
mechanical  blockade  of  a  more  or  less  permanent  charac- 
ter is  developed  in  the  tubotympanic  tract,  tissue  metabo- 
lism changed  and  the  functions  of  the  conducting  appara- 
tus of  the  ear  impaired. 

Functional  tests  usually  corroborate  the  clinical  diag- 
nosis of  impairment  of  the  sound-conducting  mechanism. 

With  the  better  comprehension  of  the  pathology  and 
surgery  of  Waldeyer's  lymphatic  ring,  much  of  the  evil 
aftermath  in  this  group  has  been  held  in  abeyance.   Prompt 
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intervention  not  only  removes  mechanical  obstruction  to 
-ventilation  and  sound  conduction,  but  also  prevents  the 
absorptions  in  the  tympanic  and  tubo-tympanic  areas 
where  severe  and  permanent  deafness  may  ensue. 

Group  II.     Exanthematous  Type. 

As  most  of  the  exanthematas  have  their  focal  infection 
in  a  specific  angina  and  as  the  local  invasion  so  frequently 
includes  the  ear  tract,  we  have  a  ready  accounting  for  the 
frequency  with  which  suppurative  processes  invade  the 
tympanic  cavity  in  this  group.  These  suppurations  seem 
to  be  of  a  specially  destructive  type  for  the  membrana  tym- 
pani  is  often  sloughed  in  large  radius,  the  ossicles  necrosed 
•and  the  walls  of  the  tympanic  cavity  eroded.  Similar  ero- 
sions are  fovmd  about  the  fenestrae  ovali  and  rotundae  and 
these  lead  to  permanent  ankylosis  or  bony  changes  in  this 
part  of  the  labyrinthine  wall. 

It  is  a  significant  fact  that  many  children  with  total 
deafness  date  their  misfortune  from  an  intense  invasion 
of  an  exanthematous  fever.  Close  observers  have  con- 
cluded that  such  invasions  carry  with  them  not  only  a  de- 
structive process  centered  in  the  tympanic  cavity,  but  a 
toxic,  selective  attack  on  either  a  part  of  the  labyrinthine 
structures,  ramus  cochlearis,  or  localized  meningitis. 

Careful  functional  tests  in  this  group  reveal  impair- 
ment of  both  low  and  high  ends  of  the  cochlear  scale  and 
often  simulate  the  clinical  tests  of  oto-sclerosis.  There 
is  this  difference,  however,  between  an  incipient  oto-scler- 
osis and  an  exanthematous  invasion  of  the  labyrinth :  in 
oto-sclerosis  the  basilar  and  apical  Corti  cells  are  involved 
and  a  large  part  of  the  central  scale  still  functions :  in  some 
types  of  exanthematous  invasion  of  the  labyrinth  the  coch- 
lear cells  may  be  intermittently  and  irregularly  attacked, 
producing  definitely  recognized  and  still  functioning  tone- 
islands  throughout  the   cochlear   scale. 

Group  III.    Central  Type. 

In  epidemic  meningitis,  poliomyelitis  and  exanthemata 
with  intense  febrile  reaction,  we  frequently  find  a  sudden 
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attack  on  the  auditory  central  organ  and  total  deafness. 
The  following  brief  clinical  report  will  illustrate :  An  in- 
telligent, normal  girl  of  sixteen  was  attacked  Christmas 
day  by  epidemic  meningitis  with  all  of  the  characteristic 
symptoms  of  this  infection,  was  seriously  ill  for  a  week, 
joined  the  family  at  dinner  New  Year's  day  recovered  from 
meningitis  but  totally  deaf.  Here  again  probably  there 
was  a  selective  localized  meningeal  attack  on  the  nerve 
and  destroyed,  the  deafness  must  be  complete. 

Functional  tests  with  all  forms  of  sound-producing  ap- 
paratus, including  tuning  forks,  voice,  musical  instruments 
and  gongs  failed  to  produce  any  sound  impression.  Even 
if  the  labyrinth  end-organ  has  escaped  attack,  if  both 
auditory  nerves  in  their  trunks  have  been  toxically  invaded 
trunk. 

Croup  IV.     Otosclerotic  Type. 

Much  has  been  written  about  otosclerosis,  but  we  arc 
still  undecided  as  to  its  pathological  entity.  As  it  occurs 
less  frequently  in  the  child  and  the  youth  than  in  adult  life, 
it  does  not  figure  to  so  large  an  extent  in  the  problem  of 
residual  hearing  and  its  development. 

There  are  several  clinical  and  pathological  data  which 
seem  fairly  constant  in  this  group.  We  have  every  reason 
to  believe  that  a  spongifying  or  rarifaction  in  the  labyrin- 
thine capsule  takes  place ;  the  point  of  most  frequent  at- 
tack seems  to  be  about  the  footplate  of  the  stapes ;  the 
membrana  tympani  frequently  shows  no  change  in  plane 
or  lustre  other  than  a  circumscribed  pink  spot  at  the  pro- 
mentory;  the  tuning-forks  and  Galton  whistle  give  evi- 
dence of  a  diminished  perception  for  both  low  and  high 
tones ;  bone  conduction  is  prolonged  beyond  the  normal 
and  a  paracusis  is  usually  present  in  incipient  cases. 

With  these  facts  at  our  command  we  should  be  in  a 
position  to  diagnose  definitely  clinical  otosclerosis.  The 
progressive  character  of  sclerosis  can  only  be  determined 
by  the  increasing  degree  of  deafness  at  both  ends  of  the 
tonal  scale  and  by  the  cessation  of  long-standing  tinnitus. 
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Group  V.    The  Congenital  Type. 

One  of  the  most  serious  factors  in  the  production  of 
profound  deafness  is  that  of  congenital  transmission.  In- 
teresting statistics  have  been  compiled  showing  the  large 
percentage  of  total  deafness  evolved  in  the  matings  of  the 
congenitally  deaf  and  of  consanguinous  marriages.  We  are 
here  concerned  not  with  a  pathological  but  with  a  biologi- 
cal question.  At  a  former  meeting  of  the  American  Oto- 
logical  Society,  I  showed  among  a  series  of  microscopic 
sections  of  the  labyrinth,  one  of  a  congenitally,  totally  deaf 
child.  The  most  interesting  phase  of  this  specimen  was 
that  the  cochlear  nerve  in  the  labyrinth  was  shown  to  con- 
sist of  only  a  nerve  sheath  and  contained  no  vestige  of 
neuroglia  or  nerve  substance ;  the  nerve  presented  the  ap- 
pearance of  an  empty  shaft.  Or,  we  may  find  a  congenital 
atresia  or  al)sence  of  the  external  ear  or  of  the  tympanic 
cavity  or  its  contents  and  a  consequent  undeveloped  hear- 
ing mechanism.  These  brief  descriptions  illustrate  my 
point  of  a  biological  absence  of  tissue  rather  than  a  path- 
ological destruction  or  degeneration. 

A  functional  test  with  tuning-forks  and  other  sound- 
producing  apparatus  in  this  group  elicits  no  response  to 
any  sound-perception,  for  if  the  cochlear  or  peripheral 
element  is  absent,  no  sensory  impression  can  be  conveyed 
to  the  cortical  centrum. 

Group  VI.    Hereditary  Type. 

We  should  distinguish  between  the  congenital  type 
in  which  absence  of  a  part  of  the  auditory  nerve  mechan- 
ism may  be  found  and  the  hereditary  transmission  of  a 
degenerative  element  as  in  ricketts  or  syphilis.  In  syphilis 
the  cochlear  nerve  or  the  ramus  cochlearis  may  be  present, 
but  may  have  undergone  sufficient  degeneration  in  the  em- 
bryo or  in  early  childhood  to  present  a  decided  pathological 
entity. 

Functionally  such  a  differentiation  could  perhaps  not 
be  made  by  sound  tests.  Here  we  might  avail  ourselves  of 
the  Wassermann   reaction,  preferring   spinal  puncture   to 
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blood  examination,  and  it  is  not  unreasonable  to  hope,  if 
such  laboratory  findings  corroborate  a  syphilitic  diagnosis, 
that  an  anti-syphilitic  treatment  may,  even  in  cases  of  pro- 
found deafness,  produce  improvement  in  hearing,  if  insti- 
tuted at  an  early  period  before  further  degeneration  or 
atrophic  change  takes  place. 

Group*VII.    Mechanical  Type. 

Impaired  hearing  caused  by  recurrent  coryza,  deflected 
septum,  hypertrophied  turbinates,  polypi  (mucous  or 
fibrous),  adenoids,  tonsils,  malformation  of  the  palate  and 
choane,  chronic  suppurative  otitis  media,  large  central  per- 
forations of  the  membrana  tympani,  etc.,  where  the  me- 
chanical influences  of  obstruction  have  not  developed  per- 
manent secondary  pathology,  such  as  adhesions,  obstruc- 
tions in  the  tube,  necroses  of  the  ossicles,  partial  destruc- 
tion of  the  tympanic  walls,  may  be  classified  as  a  separate 
group  where  the  necessary  surgical  and  therapeutic  treat- 
ment may  greatly  improve  the  hearing  and  restore  practi- 
cal auditory  usefulness. 

The  literature  on  nerve-deafness  is  voluminous ;  the 
influence  of  tuberculosis,  syphilis,  alcoholism,  consanguin- 
ity and  heredity  as  a  causative  agent  of  such  deafness 
has  been  described  in  interesting  and  valuable  papers  and 
monographs ;  the  toxic  effects  of  scarlet  fever,  measles,  in- 
fluenza, meningitis,  whooping  cough,  typhoid  fever  and 
other  systemic  infections  involving  the  central  nervous 
system,  thence  the  auditory  nerve  at  the  base  of  the  brain, 
have  been  given  much  serious  attention  by  many  investi- 
gators. We  confess,  however,  that  the  results  of  all  such 
investigation  and  research  have  as  yet  contributed  but  lit- 
tle to  the  tangible  and  definite  explanation  of  the  pathol- 
ogies that  cause  the  types  of  supreme  deafness  with  which 
we  are  so  intimately  concerned.  From  this  labyrinthian 
mass  of  literature,  I  have  attempted  a  classification  of 
nerve  deafness  into  five  groups,  each  group  representing  a 
different  pathological  process  and  a  different  prognosis 
when  studied  in  the  light  of  modern  pedagogy  and  psychol- 
ogy- 
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The  interesting  problem  to  which  I  wish  to  direct  your 
specal  attention  is  the  study  of  nerve  deafness  and  changes 
in  the  character  of  the  perceiving  apparatus  as  may  occur 
either  in  the  central  or  peripheral  nerve  organs  of  the 
ear. 

Classification  of  Nerve  Deafness         • 

Group  I — Deafness  due  to  pathological  changes  in 
end  organs  or  acoustic  labyrinth,  the  tissues  of  the  tone 
island  and  nerve  trunk  and  distributions  to  the  cortical 
hearing  centers  in  the  brain  remaining  normal.  (Laby- 
rinthine type)  Scarlet  Fever,  Measles,  Diphtheria. 

Group  II — Deafness  due  to  pathological  changes  in 
the  tissues  of  the  auditory  nerve  trunk  and  distributions 
to  the  cortical  hearing  centers  in  the  brain,  the  acoustic 
labyrinth  or  sensory  end-organs  remaining  normal.  (Cen- 
tral Type)  Meningitis,  palio,  influenza,  profound  and  not 
susceptible  to  reeducation. 

Group  III — Deafness  due  to  congenital  absence  or  ar- 
rested development  of  a  part  or  all  of  the  filaments  or 
branches  of  the  auditory  nerve  in  the  acoustic  labyrinth, 
the  nerve  trunk  and  distributions  to  the  cortical  hearing 
centers  remaining  normal.  (Labyrinthine  Type)  Mar- 
riages of  the  Deaf  or  consanguinity.  Static  labyrinth  im- 
paired but  not  always  deaf.     Possibilities  in  reeducation. 

Group  IV — Deafness  due  to  congenital  absence  or  ar- 
rested development  of  the  auditory  nerve  trunk  or  its  dis- 
tribution to  the  cortical  hearing  center,  the  acoustic  laby- 
rinth or  end-organs  remaining  normal.  (Central  Type). 
Similar  to  III.  Functioning  static  labyrinth  with  profound 
deafness. 

Group  V — Deafness  due  to  congenital  defects  or  path- 
ological change  in  the  auditory  nerve  or  its  distribution 
to  the  cortical  hearing  center  and  to  congenital  defects 
or  pathological  change  in  the  acoustic  labyrinth  or  sensory 
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end-organs.  (Labyrinthine  and  Central  Type.)  Supreme 
type  involving  function  of  other  cranial  nerves,  deafness 
with  mental  defects. 


The  Value  of  Functional  Tests  in  the  Differentiation 
OF  Deafness. 

A  systematically  and  minutely  conducted  functional 
test  of  hearing  is  a  valuable  asset  and  one  of  the  most 
important  factors  in  otologic  diagnosis  and  is  also  one  of 
the  most  frequently  neglected  agents  in  the  routine  and 
working  program  of  many  otologists.  In  fact,  I  do  not 
hesitate  to  state  that  the  majority  of  otologists  neither 
possess  nor  use  four  various  pitched  tuning  forks  for  dif- 
ferential diagnosis.  It  may  be  remarked  in  passing  that 
a  diflFerential  diagnosis  in  the  tuning  fork  range  cannot 
possibly  be  made  without  the  forks  C5.  C4,  for  upper  limit, 
Bass  C  and  Contra  C,  for  lower  limit. 

To  enumerate  some  of  the  possible  conclusions  to  be 
drawn  from  careful  tuning  fork  tests : 

(1)  In  suppurative  processes  in  the  temporal  bone 
the  determination  of  the  degree  of  deafness  is  made  possi- 
ble only  by  such  tuning  fork  tests. 

(2)  An  interesting  prognostic  point  may  be  here  cited. 
In  an  acute  suppurative  otitis  media  with  invasion  of  the 
antrum  and  all  the  clinical  features  of  mastoiditis  the 
tuning  fork  tests  before  operation  indicate  reduced  air 
cpnduction,  Rinne  negative.  Weber  lateralized  to  the  in- 
fected side.  Two  weeks  after  operation  the  same  tuning 
fork  tests  are  made  and  show :-  Air  conduction  reduced, 
Rinne  negative  and  Weber  lateralized  to  the  healthy  ear. 
The  logical  and  definite  conclusion  drawn  from  the  test 
with  this  one  fork  is  that  following  the  operation  on  the 
mastoid  there  has  been  an  extension  of  the  suppuration  or 
infection  into  the  labyrinth  and  either  a  serous  or  suppur- 
ative labyrinthitis  has  produced  the  ensuing  nerve  deafness, 
accentuated  by  the  lateralization  of  the  Weber  test  to  the 
healthv  ear. 
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An  ear  that  still  retains  almost  normal  hearing  in  the 
presence  of  chronic  suppurative  process  can  to  a  consider- 
able degree  be  regarded  as  one  not  requiring  extensive  op- 
erative intervention. 

In  the  course  of  a  minutely  conducted  functional  hear- 
ing test  in  a  patient  who  complained  only  of  gradually 
increasing  deafness,  we  were  enabled  with  but  little  other 
clinical  data  to  diagnose  an  incipient  bilateral  acoustic 
nerve  tumor. 

With  the  Bezold  continuous  tuning  fork  or  with  some 
modification  of  the  musical  scale  as  the  Urbantschitsch  har- 
monica or  the  specially  constructed  organ  used  at  Central 
Institute,  we  are  in  a  position  to  accurately  determine 
tone  islands,  their  definite  locality  and  their  pedagogic  sig- 
nificance. When  these  tone  islands  are  within  the  range  of 
the  limit  of  perception  of  the  human  voice,  the  pedagogic 
prognosis,  for  developing  such  residual  hearing  into  ser- 
viceable voice  hearing,  is  hopeful. 

The  following  table  classifies  the  various  types  of 
deafness  made  possible  by  systematically  conducted  func- 
tional tests: 
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Discussion. 

Dr.  Shambaugh,  Chicago,  111. :  Otologists  of  America 
are  grateful  to  Dr.  Goldstein  for  what  he  has  been  doing 
in  his  school  for  the  deaf.  It  is  self-evident  that  one  who 
understands,  as  he  does,  the  changes  in  the  ear  causing 
these  defects  is  in  the  best  position  to  direct  such  educa- 
tional work.  There  is  one  comment  I  would  like  to  make 
in  regard  to  testing  for  islands  of  hearing.  When  a  cer- 
tain tone  is  sounded  there  develops  an  intensity  of  stimula- 
tion over  a  certain  area  in  the  cochlea  but  at  the  same  time 
there  develops  lesser  degrees  of  stimulation  from  this  same 
tone  at  other  points.  In  other  words,  what  is  produced  is 
a  complex  stimulation,  the  fundamental  tone  and  harmo- 
nics. Now  reproducing  those  several  harmonics,  leaving 
out  entirely  the  fundamental  tone,  our  perceiving  mechan- 
ism interprets  the  complex  as  though  the  fundamental  tone 
were  being  heard.  There  is  another  point  one  should  also 
keep  in  mind,  that  a  patient  who  is  suffering  from  severe 
deafness  has  always  got  degeneration  of  the  nervous  mech- 
anism. Profund  obstructions  in  the  sound  conducting 
mechanism  are  capable  of  producing  only  a  moderate  de- 
gree of  deafness  and  where  a  severe  degree  of  deafness 
occurs  in  these  situations,  it  always  means  a  secondary 
degeneration  in  the  internal  ear. 


THE  PATHOLOGY  OF  DEAFMUTISM. 

By  J.    S.    FRASER,    M.    B.,    Ch.B.,    F.    R.    C.    S.    Ed.,    Surgeon,    Ear    and 
Throat  Department  Royal  Infirmary  Edinburgh,   Scotland. 

(By  invitation.) 

I  have  been  asked  to  present  the  subject  of  the  Pathology 
of  Deafmutism.  It  is  not  possible  for  me  to  go  fully  into  the 
whole  subject,  but  I  can  attempt  to  lay  befoi^e  you  an  account 
of  the  principle  pathological  conditions  which  result  in  such  a 
severe  degree  of  deafness  that  the  child  becomes  a  deafmute. 
Cases  of  deafmutism  aie  usually  divided  into  (I)  Congenital, 
and  (H)  Acquired.  This  is  not  scientifically  accuralte.  Con- 
genital deafness  usually  includes  not  only  "developmental"  cases 
due  to  faults  of  the  germ  plasm,  but  also  those  dute  to  such  in- 
flammatory conditions  as  intrauterine  meningitis.  In  other 
words,  "congenital"  has  been  regarded  as  synonymous  with 
"before  birth."  Cases  due  to  congenital  syphilis  are  difficult 
to  classify;  they  do  not,  as  a  rule,  become  deaf  till  childhood 
is  well  advanced.  It  appears  to  be  more  scientific  to  divide 
cases  of  deafmutism  into  (I)  those  due  to  an  error  in  develop- 
ment and  (II)  thosfe  due  to  inflammatory  conditions.  The  main 
causes  of  deafmutism  may  therefore  be  classified  as  follows : 

(/)  Congenital  or  Developmental  Deafness:  (A)  Endem- 
ic. (B)  Sporadic — (1)  Aplasia  of  the  Whole  Labyrinth:  (2) 
Cases  in  which  both  the  Bony  and  Membranous  Labyrinths  are 
ffected:  (3)  Congenital  Malformation  affecting  bothi  Cochlear 
and  Vestibular  Apparatus :  (4)  Sacculo-Cochlear  Degenera- 
tion: (5)  Cases  in  which  the  Membranous  Cochlea  alone  is 
aflFected. 

(//)  Acquired  or  Inflammatory  Deafmutism,  due  to  (A) 
Traumatism:   (B)   Labyrinthitis  following  Otitis  Media:   (C) 
Meningitic  Neuro-labyrinthitis :  (D)  Congenital  Syphilis. 
I.     Congenital  or  Developmental    Deaf-Mutism    (Con- 
stitutional Deafmutism   or  Hammerschlag). 

(A)  Endemic  or  Cretinic  Deafness.  {Siebenmann's  Type.) 
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Clinical  Aspect.  Patients  may  be  mentally  feeble ;  a  few 
are  bright.  Most  of  the  cases  are  complete  cretins.  Goitre  may 
be  preseni:.  The  majority  of  the  patients  are  deaf  from  birth. 
Some  of  Nager's  cases  showed  sound-conduction  deafness.  Stein 
states  that  25  percent  of  cretins  have  normal  hearing,  45  per- 
cent slight  deafness,  25  percent  severe,  and  5  percent  absolute 
deafness.  Nager  mientions  the  broad-based,  waddling  gait  of 
his  patients  and  attributes  this  to  changes  in  the  brain. 
Anatomical  Changes : — 

Middle  Ear.  Alexander  mentions  myxomatous  thickening 
of  the  submucous  tissues  of  the  rrtiddle  ear,  with  filling  up  of 
the  window  niches  by  connective  tissue  and  fat  cells.  In  many, 
the  long  process,  of  the  incus  and  the  head  of  the  stapes  are  ad- 
herent to  the  facial  canal.  Bony  ankylosis  of*  the  footplate  of 
the  stapes  to  the  margin  of  the  oval  window  is  mentioned  by 
several  writers.  Exostoses  are  frequently  found  on  the  prom- 
ontory. The  tympanum  may  be  obliterated  by  new- formed, 
spongy  bone. 

The  Labyrinth  Capsule.  Alexander  and  Nager  have  noted 
areas  of  otosclerosis  in  the  labyrinth  capsule  in  cases  of  cretinic 
deafness.  Endostoses  have  also  been  observed  growing  from  the 
labyrinth  capsule  into  the  hollow  spaces  of  the  cochlea,  vestibule 
and  canals. 

Inner  Ear.  Habermann,  Schlittler,  and  many  others  have 
found  the  inner  ear  normal.  Few  writers  have  reported  any 
gross  abnormality  Alexander  however,  found  marked  degen- 
erative changes  in  Corti's  organ. 

Manasse  thinks  that  hardness  of  hearing  is  produced  by 
changes  in  the  middle  ear,  especially  in  the  window  niches,  but 
complete  deafness  comes  on  when  labyrinth  atrophy  occurs. 
The  middle  ear  changes  are  due  to  the  failure  of  the  normal 
resorption  of  the  foetal  connective  tissue.  Stein  groups  endemic 
deaf  mutism  along  with  sporadic  congenital  deaf  mutism  (Ham- 
merschlag's  hereditary  degenerative  deafness),  and  includes 
them  both  under  the  heading  of  "constitutional"  deafness. 

Siebenmann  and  Nager  take  the  view  that  in  many  cases 
the  deafness  is  the  result  of  changes  in  the  brain.    Denker  holds 
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that  the  condition  results  from  disorders  of  metabolism  owing 

to  loss  of  thyroid  secretion. 

(B)  Sporadic  Congenital  Deafness. 

(1)  Aplasia  of  the  Whole  Labyrinth.  (Michel's  Type).  In 
Michel's  case  there  was  a  total  defect  of  both  labyrinths  and 
eighth  nerves,  while  the  external  meatus  and  tympanic  mem- 
branes were  normal.  Siebenmann  explains  this  condition  by 
postulating  absence  of  the  otic  vesicle  in  the  first  month  of 
foetal  life.  Schwartz  has  reported  a  similar  case.  Virchow 
and  Delille  have  recorded  cases  of  complete  absence  of  the 
petrous  pyramid.  Ogston  has  published  in  the  case  of  a  child 
who  suflFered  from  congenital  atresia  of  the  external  meatus  on 
one  side,  with  atrophy  of  the  eighth  nerve,  hemiatrophy  of  the 
cerebrum  and  cerebellum  and  hypoplasia  of  the  petrous  pyra- 
mids. 

(2)  Both  the  Bony  and  Membranous  Labyrinths  may  be 
affected.  (Mondini's  or  Alexander's  Type.)  Alexander's  case 
was  completely  deaf.  Alt's  patient  was  deaf  from  birth,  and 
a  sister  was  also  deaf. 

Pathology  Bony  Labyrinth.  In  Mondini's  case,  the  whole 
bony  capsule  of  the  cochlea  was  flattened  from  base  to  apex  as 
in  certain  of  the  lower  mammals  A  more  or  less  normal  ar- 
rangement of  the  scalae  was  only  present  at  the  lower  part  of  the 
cochlea.  In  the  upper  part  there  was  a  wide  common  space. 
Alexander  f>oints  out  that  a  similar  condition  is  seen  at  the 
second  month  of  fetal  life  and  holds  that  in  these  cases  develop- 
ment stops  at  this  period.  Alexander  mentions  atrophy  of  the 
maculae  of  the  utricle  and  saccule. 

In  Mondini's  and  Schoenemann's  cases  the  aqueduct  of  the 
vestibule  was  dilated  and  formed  a  gutter.  (A  similar  condi- 
tion has  been  noted  by  Gray  in  certain  of  the  lower  mammals.) 

The  cochlear  canal  may  be  collapsed  or  dilated.  Corti's 
organ  may  be  absent,  or  embryonic.  Alexander  mentions  that 
in  his  case  the  cochlear  ganglion  did  not  take  a  spiral  course  but 
was  situated  centrally  in  the  modiolus.  He  believes  that  the 
faulty  formation  of  the  septa  between  the  various  scalae  is 
associated  with  the  anomalous  position  of  the  spiral  ganglion. 
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The  condition  of  the  cochlear  nerve  coincides  with  that  in  the 
lowest  mammals — duckmble  and  echidna. 

Siebenmann  attributes  the  condition  to  some  abnormality 
occurring  at  the  fourth  month  of  embryonic  life.  The  develop- 
ment of  the  cochlea  takes  place  from  base  to  apex,  so  that, 
should  the  development  be  arrested  at  a  certain  point,  the  septa 
between  the  various  coils  may  fail  to  form,  with  the  result  that 
the  scala  vestibuli  of  one  coil  communicates  with  the  scala 
tympani  of  the  next  higher  coil. 

(3)  Congenital  'Malformation  affecting  both  the  Mem- 
branous Cochlear  and  Vestibular  Apparatus.  This  clinical  type 
of  deafmuitism  is  frequently  associated  with  retinitis  pigmen- 
tosa and  mental  deficiency.  Not  only  is  there  complete  or  al- 
most complete  deafness  but  the  vestibular  reactions  are  absent 
or  at  least  greatly  diminished.  Bezold's  two  cases  showed  un- 
certain gait.  O'f  the  four  ears  (two  cases)  one  was  quite  dieaf, 
whereas  the  other  three  showed  a  hearing  island  toward  the 
middle  of  the  scale.  (In  retinitis  pigmentosa  there  is  a  con- 
traction of  the  visual  field  corresponding  to  the  contraction  of 
the  hearing  field  in  these  deafmute  cases.  Frey  and  Hammer- 
schlag  found  that  in  four  cases  the  semi-circular  canal  appara- 
tus failed  to  react  to  rotation :  two  of  the  patients  had  deafmute 
imbecile  brothers  or  sisters. 

Siebenmann  and  Bing's  case  was  the  fourth  of  eight  chil- 
dren, of  whom  four  were  apparently  born  deaf.    A  brother  also" 
had  retinitis  pigmentosa.    The  galvanic  reaction  was  absent. 

Pathology : — 

Vestibular  Apparatus: — Siebenmann  and  Bing  found  the 
maculae  and  cristae  degenerated  but  the  vestibular  nerve  and 
ganglion  normal.  There  was  marked  atrophy  of  the  vestibular 
nerve  and  ganglion  in  both  of  Oppikofer's  cases. 

Cochlear  Apparatus.  Nager  found  the  membranous  coch- 
lear dilated  or  collapsed  and  the  sensory  epithelium  absent  or 
badly  developed.  The  spiral  ganglion  was  atrophied  in  both  of 
Oppikofer's  cases.  Nager  and  also  Hane  found  the  stem  of  the 
cochlear  nerve  markedly  atrophied.  The  vascularity  of  the 
nerve  endings  in  the  cochlea  and  vestibule  were  poor.  (This 
corresponds  to  the  pathological  changes  in  I'etinitis  pigmentosa). 
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(4)  Sacculo-Cochlear  Degeneration.  {Scheibe's  Type). 
(The  case  described  in  this  paper  belongs  to  the  Scheibe  Type.) 
About  70  percent  of  cases  of  congenital  deafmutism  belong  to 
the  "sacculo-cochlear"  type,  in  which  the  utricle  and  canals  are 
intact.  Hearing  remnants  are  usually  present.  The  vestibular 
apparatus  reacts  normally  or  almost  normally  to  the  rotation 
and  caloric  tests.  In  Oppikof  er's  case  the  parents  of  the  patient 
heard  well.  They  had  seven  sons  and  one  daughter,  and  of 
these,  three,  including  the  patient,  were  deaf  from  birth.  Oppi- 
kofer's  patient  who  was  stone-deaf,  married  a  deafmute  woman 
whose  brother  was  also  a  deafmute.  The  marriage  produced 
one  daughter,  who  was  deaf,  but  had  a  normal  vestibular  appa- 
ratus. 

Pathology : — As  a  rule  no  changes  are  found  in  the  middle 
ear.  If  present,  these  are  merely  accidental  (as  in  the  case 
illustrated). 

The  bony  labyrinth  is  usually  normal,  but  in  Lindt's  case 
there  was  on  one  side  an  otosclerotic  focus.  Lindt  holds  that 
this  had  nothing  to  do  with  the  patient's  deafmutism.  Gray  has 
investigated  four  cases  and  found  that  the  hollow  spaces  of  the 
bony  labyrinth  were  larger  than  normal. 

Utricle  and  Canals.  The  neuro-epithelium  of  the  utricle 
and  cristae  of  the  canals  are  normal  in  almost  all  cases. 

Sacc'ulus.  In  Scheibe's  original  case  there  were  no  hair 
cells  evident  in  the  sacculus.  In  Lindt's,  Goerke's  and  Quix's 
cases  the  sacculus  was  almost  completely  collapsed  and  the 
neuro-epithelium  absent.  The  ductus  reuniens  were  obliterated 
in  many  cases. 

The  Coclilear  Canal  may  be  ( 1 )  collapsed  in  its  entirety,  or 
(2)  dilated;  (3)  or  it  may  be  dilated  at  one  part  and  collapsed 
at  another.  The  dilatation  may  be  so  great  that  the  scala  vesti- 
buli  is  obliterated.  If  the  canal  is  collapsed  Reissner's  mem- 
brane is  usually  adherent  to  the  remains  of  Corti's  oigan  or  to 
the  basilar  meirbrane. 

Corti's  organ  may  be  absent  in  parts  or  unrecognisable.  It 
may  be  replaced  by  cubical  or  rounded  cells.  In  Scheibe's  sec- 
ond case  Corti's  organ  was  almost  normal  in  the  upper  coils. 
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Hyaline  bodies  are  often  present  in  the  cochlear  canal,  and  in 
some  there  is  a  large  amount  of  pigment  present. 

The  membrana  tectoria  is  usually  covered  with  epithelium 
and  tucked  into  the  internal  spiral  sulcus,  or  backwards  on  to 
Huchke's  tooth.  In  other  cases  the  membrana  tectoria  is  at- 
tached across  the  scala  media  to  the  stria  vascularis  and  cov- 
ered on  both  surfaces  with  a  layer  of  epithelium. 

The  stria  vascularis  may  be  absent  or  replaced  by  hyaline 
masses.  The  stria  formed  a  polypoid  projection  into  the  scala 
media  in  at  least  two  of  Gray's  four  cases. 

The  spiral  ganglion  and  the  fine  branches  of  the  cochlear 
nerve  usually  show  atrophy.  The  stem  of  the  cochlear  nerve 
was  atrophied  on  both  sides  in  Scheibe's  first  case. 

(5)  Here  the  changes  are  confined  to  the  Membranous 
Cochlea  and  Nerve.  The  sacculus  and  the  pars  superior  are 
healthy.  The  changes  in  the  scala  media  are  the  same  as  those 
already  described  under  Scheibe's  type  (4). 

A  Case  of  Congenital  or  Devlopmental  Deafmutism. 
(See  also  Journal  of  Laryngology  and  Otology,  1922  P.  13) 

K.  McD.,  male,  aged  11  years.  The  parents  stated  that  the 
patient  had  been  born  totally  deaf  but  his  teacher  in  the  oral 
.class  regarded  him  as  having  slight  remains  of  hearing.  For 
severall  years  the  boy  had  suffered  from  foul-smelling  otorrhea 
(left).  On  admission,  pain  and  mastoid  tenderness  were  pres- 
ent; temperature  102.5° ;  conversation  voice  not  heard  by  either 
ear;  C.128  apparently  heard  by  right  ear  but  not  by  left;  C.256 
was  heard  by  both  ears,  and  the  tone  correctly  imitated  by  the 
boy.  Cold  syringing  of  each  ear  produced  distinct  rotary  and 
lateral  nystagmus  to  the  opposite  side.  Death  was  due  to  puru- 
lent meningitis.    Post-mortem  twelve  hours  after  death. 

Microscopical  Examination  of  Left  (Operated)  Ear. 

Tympanic  cavity.  There  is  a  great  swelling  of  the  sub- 
mucosa,  with  small  cell  infiltration  Cholesteatoma  and  pus  are 
present  in  the  antrum.  The  prominence  of  the  lateral  canal  is 
eroded.  The  mucosa  of  the  oval  window  niche  is  swollen.  The 
round  window  membrane  is  normal.  Vestibule :  The  neuro- 
epithelium  of  the  utricle  is  healthy,  but  the  otolith  membrane  is 
separated  (artefact?).     The  sacculus  is  collapsed  (Fig.  5)  but 
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the  epithelium  is  well  formed  in  parts.  The  duct  from  the 
saccule  to  the  endolymphatic  duct  is  narrow.  Cochlea:  Reiss- 
ner's  membrane  passes  vertically  upward,  so  that  the  cochlear 
canal  is  dilated.  (Fig.  1-4)  Corti's  organ  is  'badly  formed;  no- 
where is  the  normal  acoustic  papilla  visible.  It  is  best  developed 
in  the  apical  portion.  The  pillar  cells,  though  deformed,  can 
be  made  out  in  parts.  The  membrana  tectoria  is  enclosed  in 
epithelium;  in  the  basal  coil  it  is  tucked  into  the  inner  spiral 
sulcus.  (Fig.  4)  In  the  upper  part  of  the  basal  coil  it  is 
attached  to  the  stria  vascularis;  (Fig.  3)  in  the  middle  coil  it  is 
turned  inwards  towards  the  modiolus  and  helicotrema;  (Fig.  2) 
the  spiral  ligament  shows  clear  areas  (Fig.  4) — so-called 
"dropsical  degeneration."  The  stria  vascularis  at  the  apex  of 
the  cochlea  is  almost  absent.  The  cochlea  nerve  itself  is  well 
formed  (Fig.  1)  and  the  ganglion  cells  are  present.  Canals: 
The  cristae  of  all  the  canals  show  slight  desquamation  of  the 
epithelium  and  separation  of  the  cupula — possibly  associated 
with  the  high  temperature  before  death.  (Fig.  6).  Internal 
Meatus :  Meningitis  is  present.  The  vestibular  ganglion  cells  are 
present  in  normal  number. 

Microscopical  Examination  of  right  (non-operated)  Ear. 
The  middle  ear  is  healthy,  except  for  thickening  of  the  mucosa 
and  small  cell  exudation  in  the  niche  of  the  round  window. 

Vestibule :  the  sacculus  is  collapsed  and  the  ductus  reuniens 
obliterated.    The  utriculus  is  normal.     (Fig.  12) 

Cochlea :  A  few  leucocytes  are  seen  in  the  scala  tympani  in 
the  upper  surface  of  the  round  window  membrane.  They  have 
evidently  come  from  the  subarachnoid  space  along  the  cochlear 
aqueduct.  The  cochlear  duct  itself  is  narrow  or  collapsed.  (Figs. 
7-11)  Reissner's  membrane  is  bent  downwards,  and  is  adher- 
ent to  the  over  grown  stria  vascularis  for  at  least  half  its  extent. 
(Figs.  8,  9  and  11).  In  the  apical  coil  the  scala  media  is  quite 
filled  up,  (Fig.  8)  and  is  adherent  to  the  bony  partition  between 
the  apical  and  middle  coils.  Corti's  organ  is  for  the  most  part 
an  irregular  heap  of  cells.  (Fig.  10).  The  memtrana  tectoria 
is  adherent  to  Corti's  organ,  and  also  to  the  stria  vascularis.     In 
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places  the  memlDrana  tectoria  is  tucked  into  the  internal  spiral 
sulcus.  (Figs.  9  and  10) 

The  Canals  are  healthy. 

Internal  Meatus :  There  are  many  pus  cells  and  some  blood 
in  the  fundus  of  the  internal  meatus  between  the  arachnoid  and 
dura  mater  (Fig.  7)  (basal  meningitis).  The  cochlear  nerve 
shows  quite  the  normal  thickness.  The  vestibular  ganglion  cells 
are  not  diminished. 

Remarks.  The  case  is  one  of  "congenital  or  development- 
al" deafness  belonging  to  the  Scheibe  type,  with  slight  remains 
of  hearing  and  a  normal  or  almost  normal  vestibular  reaction. 
It  is  of  interest  that  on  the  right  side  the  cochlear  canal  is  col- 
lapsed, especially  at  the  apex,  while  on  the  left  side  it  is  dilated. 
This  condition  has  'been  noted  by  previous  observers. 

Explanation  of  the  Changes  found  in  the  Scheibe  type  of 
Congenital  or  Developmental  Deaf  mutism,. 

Various  theories  have  been  advanced  to  account  for  the 
abnormalities  observed.  (1)  Faulty  Development.  Oppi- 
kofer  suggests  that  the  otic  vesicle  may  have  been  abnormally 
large,  while  the  cartilaginous  cochlea,  which  develops  later,  was 
of  normal  size.  This  may  account  for  the  fold  formlation.  As 
an  alternative,  he  suggests  that  thd  fold  formation  may  have 
been  due  to  adhesion  of  the  walls  of  the  cochlear  canal.  If  the 
developmental  disturbance  occurs  in  the  first  two  months  of 
foetal  life  the  membrana  tectoria  is  not  formed.  In  such  cases 
the  fine  nerve  branches  and  the  spiral  ganglion  remains  mark- 
edly undeveloped.  If  the  developmental  disturbance  occurs 
later  the  membrana  tectoria  may  be  properly  formed  and  the 
ganglion  and  nerves  well  developed. 

(2)  Hereditary  Weakness  of  the  Ear.  Manasse  and  also 
Siebenmann  have  called  attention  to  the  similarity  of  the 
changes  found  in  congenital  deafness  to  those  seen  in  chronic 
progressive  labyrinthine  deafness.  Manasse  believes  that  the 
atrophic  degenerative  process  may  occur  in  intra-uterine  life, 
Politzer  was  the  first  to  describe  progressive  labyrinthine  deaf- 
ness comling  on  in  youth  and  resulting  in  marked  or  even 
complete  deafness.  He  thought  that  the  condition  was  due  to 
an  idiopathic  atrophy  of  the  acoustic  nerve.     Spira  has  called 
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attention  to  the  occurrence  of  ear  disease — otitis  media  or  nerve 
deafness — in  certain  families.  He  regards  these  conditions  as 
due  to  an  inherited  local  lack  of  resistance.  Gowers  in  1902, 
and  Edinger  in  1904,  called  attention  to  the  condition  of  "abio- 
trophy," in  which  there  is  a  want  of  nervous  energy  to  bear  the 
strain  of  normal  or  excessive  functional  activity.  Such  condi- 
tions as  progressive  muscular  atrophy,  primary  optic  atrophy, 
and  progressive  nerve  deafness  belong  to  this  category. 

(3)  Increased  Pressure  in  Perilymphatic  or  Endolym- 
phatic Spaces.  Gray  thinks  that  increased  pressure  in  the  per- 
ilymphatic space  transmitted  from  the  cranial  cavity  through 
the  aqueduct  of  the  cochlea  might  account  for  the  depressed 
condition  of  Reissners'  membranje.  Dilatation  of  the  cochlear 
canal,  on  the  other  hand,  may  be  due  to  increased  secretion  of 
endolymph  from  the  enlarged  stria  vascularis.  Quix  believes 
that  the  explanation  of  the  deafmutism  is  to  be  found  in  the 
stria  vascularis,  which  is  a  secretory  organ,  and  regulates  the 
supply  of  endolymph.  Pritchard  considers  that  the  hypertro- 
phied  condition  of  the  stria  resembles  very  closely  the  tegmen- 
tum vasculosum  in  the  cochlea  of  birds. 

(4)  Inflammatory  Changes :  Meningitis.  Siebenmann, 
Nager,  and  Oppikofer  believe  that  the  conditions  present  were 
due  to  an  intra-uterine  inflammatory  process.  Meningitis  is  very 
frequent  during  the  first  year  of  life.  Preysing  has  recorded  two 
cases  of  otitis  interna  in  sucklings.  Seibenmann  mentions  the 
possibility  of  placental  infection.  Gradwohl  of  St.  Louis  has 
recorded  the  case  of  a  woman,  aged  31,  seven  months  pregnant, 
who  suffered  from  pain  in  the  left  ear  rapidly  followed  by 
coma.  Well-marked  signs  of  meningitis  were  present.  The 
patient  died  undelivered.  Autopsy  revealed  acute  nephritis  and 
purulent  basal  meningitis.  The  fetus  also  showed  sero-purulent 
meningitis.  Bacteriological  examination  of  the  cerebro-spinal 
fluid  of  both  mother  and  fetus  revealed  the  diplococcus  intra- 
cellularis,  and  the  same  organism  was  separated  in  pure  culture 
from  the  left  ear  of  the  mother.  So  far,  however,  there  is  only 
the  case  of  Haike  which  goes  to  prove  the  existence  of  an  intra- 
uterine meningitic  labyrinthiris. 

The  writer  does  not  believe  that  sporadic  congenital  deaf- 
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mutism  is  due  to  intra-uterine  meningitis ;  firstly,  because  the 
membraneous  labyrinth  is  developed  from  the  epi'blast  and  only 
later  becomes  connected  to  the  central  nervous  system  by  means 
of  the  acoustic  ganglia  and  eighth  nerve ;  secondly,  because  it  is 
difficult  or  impossible  to  think  of  foetal  meningitis  aflfecting 
only  the  saccule  and  cochlea  and  leaving  intact  the  remaining 
parts  of  the  membranous  labyrinth ;  and,  thirdly,  because  the 
changes  observed  in  congenital  deafness  differ  so  markedly  from 
those  produced  in  the  inner  ear  in  cases  of  meningitic  labyrinth- 
itis in  post-fetal  life. 

II.    Acquired  or  Inflammatory  Deaf-Mutism. 

The  pathology  of  acquired  deafmutism  is  the  pathology  of 
labyrinthitis  occurring  in  intra-uterine  or  post-fetal  life.  Intra- 
uterine labyrinthitis  is  almost  certainly  of  meningitic  origin. 
Post- fetal  labyrinthitis,  on  the  other  hand,  may  be  due  (A)  to 
traumatism,  as  in  fracture  of  the  cranial  base;  (B)  to  otitis 
media  with  invasion  of  the  la:byrinth  through  the  oval  or  round 
windows  or  through  the  prominence  of  the  lateral  semicircular 
canal;  or  (C)  to  purulent  leptomeningitis  with  infection  of  the 
inner  ear  either  along  the  fibres  of  the  eighth  nerve  or  along 
the  aqueduct  of  the  cochlea.  It  must  be  admitted  that  it  may 
be  difficult  to  determine  by  microscopic  examination — many 
years  after  the  occurrence  of  deafness — the  exact  route  of  the 
infection  of  the  labyrinth.  In  other  words,  we  cannot  in  many 
cases  be  certain  whether  the  labyrinth  was  invaded  from  the 
middle  ear  or  from  the  meninges.  (D)  congenital  syphilitic 
changes  in  the  ear. 

(A )  Deafmutism  due  to  Trauma.  Deafmutism  due  to  this 
cause  follows  fracture  of  the  cranial  base,  which  involves  the 
labyrinth  on  both  sides.  Unless  the  injury  to  the  labyrinth 
occurs  during  the  first  ten  years  of  life,  deafmutism  is  not 
produced. 

Katz  reports  the  case  of  a  man,  aged  50,  who  at  the  age 
of  three  years  suflfered  from  a  head  injury,  followed  by  loss  of 
consciousness  for  several  days.  On  recovery  it  was  found 
that  the  patient  was  deaf.  Microscopic  examination  showed  that 
the  hollow  spaces  of  the  labyrinth  were  filled  with  spongy  bone. 
Bony  ankylosis  of  the  stapes  was  present  on  the  left  side.  There 
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was  marked  atrophy  of  the  nerve  structures  of  the  whole  laby- 
rinth. 

Nager's  patient  was  a  man,  aged  64.  As  a  child  of  4  years 
he  received  a  severe  head  injury  and  lost  his  hearing.  On 
microscopic  examination  both  eighth  nerves  were  atrophied. 
The  labyrinth  capsule  showed  traces  of  old  fracture  involving 
the  region  of  the  sacculus  and  round  window.  The  fracture 
had  apparently  been  a  vertical  one  at  right  angles  to  the  long 
axis  of  the  petrous  pyramid.  The  cochlea,  vestibule  and  canals 
showed  new  bone  formation.  The  cochlear  duct,  utricle  and 
saccule  were  dilated.  Corti's  organ  showed  atrophic  degenera- 
tion of  the  neuro-epithelium.  Only  a  few  shrunken  cells  of  the 
spiral  ganglion  remained. 

(B)  Deaf  mutism  du^e  to  Labyrinthitis  following  Middle 
Ear  Suppuration.  Denker  states  that  middle-ear  lesions  alone 
,do  not  as  a  rule  produce  such  severe  deafness  as  to  give  rise  to 
deafmutism.  He  believes,  however,  that  closure  of  both 
labyrinth  windows  may  produce  deafmutism  even  when  the 
inner  ear  is  intact.  In  severe  cases  of  scarlatinal  otitis  media 
the  tympanic  ossicles  and  joints  are  destroyed  and  the  super- 
ficial layers  of  the  tympanic  walls  are  necrotic.  Invasion  of 
the  labyrinth  may  occur  through  the  oval  or  round  windows. 
Of  three  cases  of  deafmutism  resulting  from  scarlatina,  in  which 
the  labyrinth  was  examined,  chronic  suppurative  labyrinthitis 
was  found  in  the  first  new  connective  tissue  and  bone  formation 
in  the  second,  while  in  the  third  the  hollow  spaces  of  the  laby- 
rinth were  filled  with  cholesteatoma,  which  had  passed  in  through 
the  open  oval  window.  In  deafmutism  due  to  measles  almost 
the  same  marked  changes  have  been  found  in  the  middle  ear 
and  labyrinth. 

Case  of  Acquired  Or  Inflammatory  Deafmutism. 

(See  Journal  of  Laryngology  and  Otology  1922,  p.  57) 

C.  S.,  boy,  aged  10  years,  was  admitted  to  the  Royal 
Infirmary  on  January  5th,  1917  from  a  Deaf  and  Dumb  In- 
stitution. Few  details  were  obtainable  as  the  mother  was  in 
prison,  and  was  only  seen  after  the  death  of  the  patient,  and 
the  father  was  absent  on  active  service.  The  mother  herself 
was  rather  deaf  and  suflfered  from  tinnitus.     Of  her  twelve 
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children  only  the  patient  was  deaf.  He  had  never  spoken  and 
was  late  in  learning  to  walk,  two  years  and  eight  months. 
Discharge  from  the  ears  only  began  two  years  before  admission 
to  hospital. 

On  examination  of  the  right  ear  an  attic  perforation  was 
observed,  from  which  some  cholesteatoma  protruded.  The  left 
drumhead  was  retracted  and  showed  an  adherent  scar  in  the 
posterior  superior  part.  Functional  examination  was  impossible. 
The  radical  mastoid  operation  was  advised  but  permission  could 
not  be  dbtained  from  the  parents.  On  June  20th,  the  patient 
was  admitted  as  an  urgent  case  for  operation.  About  June  16th, 
the  boy  had  began  to  be  feverish,  the  temperature  rising  to 
102°F.  each  afternoon.  Examination.  A  polypus  was  present 
in  the  right  external  meatus.  The  patient  did  not  respond  to 
vowels  spoken  in  a  loud  voice  close  to  his  right  ear.  No 
Rombergism,  no  sponanteous  nystagmus,  no  fistula  symptom; 
rotation  produced  no  nystagmus.  The  cold  caloric  test  was 
negative  on  both  sides.  The  temperature  rose  to  106°F.  at 
8  p.  m.  but  there  was  no  shivering  or  vomiting.  On  June  21st, 
the  Medical  Managers  of  the  Infirmary  decided  that  operation 
should  be  performed  at  once  in  spite  of  the  lack  of  permission 
from  the  parents.  Operation.  The  cerebrospinal  fluid  was  clear 
but  under  tension.  An  extradural  abscess  was  evacuated.  The 
sinus  was  found  to  be  throm'bosed  for  two  inches  backwards 
from  the  upper  knee.  The  internal  jugular  vein  was  ligated 
and  divided.  Later,  intravenous  injections  of  eusol  were  tried, 
but  the  rigors  continued  and  metastatic  abscesses  developed  in 
the  left  lung,  with  empyema.  The  patient  died  three  weeks  af- 
ter operation. 

Microscopic  Examination  of  the  Right    {operated)   Ear. 

Middle-Ear  Cleft.  Bony  Eustachian  tu'be  practically  oblit- 
erated by  radical  mastoid  operation  (Fig.  13)  ;  mucosa  of 
tympanum  and  antrum  thickened  and  infiltrated  with  small  cells ; 
cholesteatoma  on  the  inner  wall  of  the  attic;  marked  irregu- 
larity of  the  bone  over  the  prominence  of  the  lateral  canal 
(Fig.  14  and  15)  ;  no  evidence  of  a  former  perforation  of  the 
oval  window;  mucosa  of  the  round  window  niche  thickened 
(Fig.  17). 
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Cochlea.  There  is  new  connective  tissue  and  bone  forma- 
tion in  the  scala  vestibuH  (Fig.  13  and  16),  which  is  practically 
obliterated.  New  Bone  formation  is  present  in  the  scala  tympani 
of  the  basal  coil  (Fig.  17),  but  in  the  upper  coils  this  scala 'is 
practically  normal.  The  cochlear  canal  is  greatly  dilated  in  all 
coils.  (Fig.  16)  Corti's  organ  is  merely  a  low  layer  of  cells. 
The  membrana  tectoria  does  not  reach  Corti's  organ.  The  cells 
of  the  spiral  ganglion  are  reduced  and  the  bony  spiral  lamina 
contains  a  few  nerve  fibres.  The  perilymphatic  aqueduct  is 
obliterated  at  the  cochlear  end  (Fig.  17). 

Vestibule.  The  saccule  and  utricle  are  greatly  dilated  and 
the  neuro-epithelium  degenerated.  New  bcwie  formation  is 
present  at  the  point  where  the  scala  vestibuli  opens  into  the 
vestibule  (Fig.  13). 

Canals.  At  its  convexity  and  towards  the  smooth  end  the 
lateral  canal  is  quite  obliterated  by  new  bone  formation  (Fig. 
14  and  15).  The  crista  is  atrophied.  The  condition  of  the 
superior  and  posterior  canals  is  similar. 

Internal  Meatus.  The  nerves  and  vestibular  ganglion 
apppear  normal. 

Microscopic  Examination  of  the  Left  {non-operated)  Ear. 

Middle-Ear  Cleft.  The  posterior  part  of  the  drumhead 
shows  a  retracted  scar  (Fig.  18),  which  is  adherent  to  the  long 
process  of  the  incus.  On  the  left  side  there  is  considerable 
thickening  of  the  bone  over  the  prominence  of  the  lateral  canal. 
The  mucous  membrane  of  the  round  window  is  greatly  thick- 
ened (Fig.  18).  The  tympanic  ossicles,  joints,  and  muscles  are 
normal. - 

Labyrinth.  The  changes  in  the  labyrinth  are  similar  to 
but  rather  more  marked  than,  those  found  on  the  right  side 
(Fig.  19,  20,  21,  22). 

Remarks.  The  case  is  undoubtedly  one  of  acquired  or 
inflammatory  deafmutism  resulting  from  suppurative  laby- 
rinthitis. It  is  not  possible  to  be  dogmatic  as  to  the  route  of 
infection.  The  labyrinth  may  have  been  invaded  on  both  sides 
from  the  middle  ear,  through  the  prominence  of  the  lateral 
canal.  The  fact  that  the  changes  were  most  marked  m  the  canals, 
and  that  in  the  cochlea  they  were  more  pronounced  in  the  scala 
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vestibuli  than  in  the  scala  tympani,  point  in  this  direction.  On 
the  other  hand,  it  must  be  admitted  that  meningitic  labyrinthitis 
ig  a  possible  explanation  of  the  condition.  Intra-uterine  men- 
ingitis cannot  be  excluded  in  view  of  the  history  that  the  child 
was  late  in  learning  to  walk  and  had  never  been  able  to  speak. 
Reliance  cannot  be  placed  on  the  statements  of  the  boy's  mother, 
who  asserted  that  middle-ear  supppuration  had  only  commenced 
just  before  admission  to  the  Deaf  and  Dumb  Institution,  because 
cholesteatoma  was  found  at  operation  upon  the  right  ear  and 
a  retracted  scar  on  examination  of  the  left  drumhead. 

//.  (C).  Deaf -mutism  due  to  Neuro-Labyrinthitis  fol- 
lowing Purulent  Meningitis. 

(Transactions  of  Otological  Section  Royal  Society  of  Medicine, 
January  16th,   1920). 

The  most  frequent  cause  of  this  condition  is  epidemic 
cerebro-spinal  meningitis.  Measles  and  pneumonia  may  be 
followed  by  meningitis  and  labyrinth  suppuration,  "Mumps" 
deafness  and  osteomyelitic  deafness  may  have  the  same  patho- 
logy. The  nerve  deafness  of  secondary  syphilis  is  closely 
associated  with  specific  leptomeningitis. 

The  original  site  of  infection  may  be  the  upper  or  lower 
respiratory  tract,  the  parotid  gland,  the  tonsil,  the  alimentary 
tract,  or  other  part.  In  all  cases,  however,  invasion  of  the  blood- 
stream is  probably  the  next  step  in  the  production  of  meningitis. 
We  know  that  during  an  epidemic  of  "spotted  fever"  many 
people  have  meningococci  in  the  nasopharynx  for  longer  or 
shorter  periods,  and  yet  do  not  develop  a  blood  infection  and 
its  consequent  meningitis.  Further,  of  those  who  develop  men- 
ingitis only  a  certain  percentage  become  deaf.  We  do  not 
know,  however,  why  the  labyrinth  is  affected  in  these  latter 
cases.  We  may,  if  we  like,  put  it  down  to  some  inherent  weak- 
ness of  the  auditory  and  vestibular  apparatus. 
Epidemic  Cerehro-Spincd  Meningitis. 

Deafness  is  the  gravest  complication  of  this  disease.  It 
is  worst  in  the  severest  cases,  though  it  may  occur  in  the  benign 
or  abortive  varieties.  As  a  rule  the  deafness  comes  on  in  the 
first  or  second  week.  Both  ears  are  as  a  rule  affected.  Appar- 
ently the  onset  is  sudden,  but  the  patient  is  almost  unconscious 
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and  does  not  complain.  (Kerr  notes  that  deafness  is  by  no 
means  the  only  complication ;  arthritis  and  orchitis  may  occur 
as  a  result  of  blood  infection.)  Of  the  patients  who  recover, 
from  20  to  Z7  per  cent  are  deaf.  Children  as  a  rule  become 
totally  deaf  and  on  recovery  show  a  staggering  gait  (like  the 
waddling  gait  of  a  duck)  for  some  months  or  even  a  year  after 
recovery.  The  older  the  patient  the  sooner  these  symptoms 
pass  off. 

Epidemic  Cerebro-spitial  Meningitis  as  a  Cause  of  Deaf- 
mutism. 

Statistics  on  this  point  vary  from  2  to  26  per  cent.  The 
discrepancy  may  be  explained  as  follows:  If  there  has  been  a 
recent  out  break  of  the  disease  in  a  country  we  have  a  high 
percentage  of  deaf-mutism  due  to  epidemic  meningitis,  but  if  the 
country  has  been  free  from  outbreaks  for  many  years  the 
proportion  is  low.  Of  thirty-four  cases  of  deafmutism  following 
"spotted  fever"  seen  at  Dr.  Logan  Turner's  department  during 
the  years  1907-18  (inclusive),  thirty  were  brought  by  the 
parents  during  the  four  years  1907-10.  Of  111  cases  of  deaf- 
mutism  examined  by  the  writer  at  the  Edinburgh  Royal 
Institution  for  the  Education  of  the  Deaf  and  Dumb,  fourteen 
were  due  to  meningitis.  Of  these,  seven  were  cases  of  epidemic 
cerebro-spinal  meningitis.  Examination  showed  normal  or  only 
retracted  drumheads  in  five  out  of  the  seven  cases,  while  func- 
tional tests  revealed  absolute  deafness  and  complete  loss  of 
vestibular  reaction  in  six  cases. 

Pathology.  The  deafness  may  be  due  to  (1)  Hydro- 
cephalus: (2)  purulent  infiltration  of  the  ependyma  of  the 
fourth  ventricle:  (3)  Infiltration  of  the  eighth  nerve  with  puru- 
lent exudate:  (4)  Purulent  labyrinthitis:  (5)  Otitis  media. 

The  stages  of  neurolabyrinthitis  due  to  epidemic 
cerebro-spinal  meningitis  appear  to  be  as  follows:  (1) 
Purulent  infiltration  within  the  arachnoid  nerve  sheath  in 
the  internal  auditory  meatus.  Deafness  may  occur  either  from 
changes  in  the  nerve  or  from  secondary  descending  degenera- 
tion. (2)  Purulent  invasion  of  the  perilymphatic  and,  later, 
of  the  endolymphatic  spaces  of  the  cochlea,  vestibule  and  canals, 
the  invasion  occurring  along  the  nervous  and  vascular  paths. 
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The  pus  may  burst  outwards  through  the  windows  into  the 
tympanic  cavity,  and  so  give  rise  to  meningitic  otitis  media. 
(3)  After  the  above  stage  has  passed,  if  the  patient  lives  long 
enough,  there  is  formation  of  granulation  tissue  within  the 
labyrinth.  (4)  Later  on  we  have  the  formation  within  the 
labyrinth  of  new  connective  tissue  and  bone  which  partly  or 
completely  fills  the  hollow  spaces  of  the  inner  ear.  (5)  The 
middle  ear  may  be  involved  by  way  of  the  Eustachian  tube. 
Opinions  as  to  the  frequency  of  otitis  media  vary  greatly ;  thus 
Netter  states  that  it  is  not  common  and  is  only  found  in  advanced 
cases.  Altmann  has  examined  twelve  cases  of  deafness  and 
found  the  middle  ear  unaffected.  Goepport,  on  the  other  hand, 
found  otitis  media  in  50  per  cent  of  cases  and  in  62  per  cent 
of  post  mortems. 

Siebenmann  has  described  the  pathological  changes  in  the 
acute  stage  of  meningitic  labyrinthitis.  The  process  begins  in 
the  perilymphatic  space  with  hyperaemia,  stasis,  thrombosis, 
and  rupture  of  the  smaller  vessels.  This  is  followed  by  in- 
filtration and  necrosis  of  the  endosleum.  Even  the  thin  plate 
of  endosteal  bone  may  be  loosened.  The  blood  supply  from  the 
endosteum  is  cut  off,  and  this  leads  to  necrosis  of  the  sensory 
epithelium.  The  eighth  nerve  att  this  stage  is  embedded  in  pus 
though  the  labyrinthine  fluid  is  still  a  'blood-stained  serum. 
Later  on,  it  becomes  purulent,  with  complete  destruction  of  the 
membranous  labyrinth.  The  next  stage  consists  in  the  forma- 
tion of  granulation  and  connective  tissue  from  the  remains 
of  the  endosteal  layer.  Lastly,  there  is  new  bone  formation 
in  the  connective  tissue. 

Case  I.  Corporal  G.,  admitted  June  21,  1916.  Patient 
had  had  violent  headache  for  fourteen  days,  with  cerebral 
vomiting.  Photophobia  and  opisthotonos  present :  temperature 
subnormal :  pulse  40  tO  60.     Death  on  June  25,  1916. 

The  tympanic  membrane  is  thickened  and  shows  new  bone 
formation  ("chalk  patch")  (Fig.  23).  There  is  new  connective 
tissue  between  the  ossicles  and  the  outer  wall  of  the  attic.  An 
adhesion  stretches  across  from  the  anterior  margin  of  the  oval 
window  to  the  tympanic  membrane  (Fig.  23').  The  long 
process  of  the  incuj  and  the  crua  of  the  stapes  are  absent. 


THE  PATHOLOGY  OP  DEAFMUTISM.  523 

(There  had  evidently  been  a  former  chronic  suppurative  otitis 
media.)  Corti's  organ  is  not  well  formed;  the  pillar  cells  can 
only  be  recognized  in  the  middle  coil.  Internal  meatus.  There 
is  a  little  pus  within  the  arachnoid  sheath  (Fig.  23),  but  there 
is  no  infiltration  of  the  cochlear  or  vestibular  nerves  by  men- 
ingitis. 

Case  II.  Corporal  D.,  admitted  August  7,  1916.  Patient 
lies  on  the  right  side  in  a  semi-comiotose  condition.  Kernig  and 
Babinski  signs  present.  Patient  has  marked  horizontal  and 
rotatory  mystagmus  to  the  left  but  is  too  ill  for  functional 
examination  of  the  ear.  Post-mortem.  Pus  in  subarachnoid 
space  all  over  cerebrum.  Adhesions  and  pus  in  interpedun- 
cular space  and  cisterna  points.  There  is  a  mass  of  parulcni 
exudate  round  the  nerves  on  the  right  side,  from  the  5th  to  the 
12th.  Foramen  of  Magendie  closed  by  recent  adhesions.  Ven- 
tricles contain  thick  pus.  The  brain  shows  numerous  petechial 
hemorrhages.  The  nasal  accessory  sinuses  are  normal.  The 
left  (middle  and  inner)  ear  is  normal. 

Microscopic  Examination  of  the  Right  Middle  and  Inner 
Ear.  The  middle-ear  spaces  are  healthy,  except  in  the  neigh- 
bourhood of  the  oval  and  round  windows  where  there  are  a 
few  pus  cells  and  some  fibrin  (Fig.  25).  The  anterior  portion 
of  the  annular  ligament  appears  to  be  slightly  infiltrated  with 
pus  cells  as  if  there  was  an  attempt  to  burst  through  from  the 
labyrinth  into  the  middle  ear.  Cochlea.  Pus  is  present  in  all 
coils,  especially  in  the  scala  tympani  and  the  scala  vestibuli 
(Fig.  24).  In  the  cochlear  canal  itself  the  exudate  is  of  a 
fibrinous  nature.  Corti's  organ  and  the  stria  vascularis  are 
desquamating.  The  spiral  ligament  is  infiltrated  with  pus  cells 
(Fig.24).  (The  infection  appears  to  have  passed  from  the 
internal  meatus  along  the  vessels  and  nerves  to  the  labyrinth, 
rather  than  by  the  aqueduct  of  the  cochlea.)  There  is  some 
hemorrhage  in  the  perilymphatic  space  of  the  vestibule  around 
the  vestibular  nerve.  The  nerve  and  epithelium  of  the  saccule 
and  the  cristae  of  the  canals  are  infiltrated  with  pus  (Fig.  26). 
Internal  meatus.  There  is  much  pus  within  the  arachnoid 
sheath  (Fig.  24). 
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Deafness  follozving  Measles  and  Pneumonia. 

The  majority  of  cases  are  due  to  middle  ear  suppuration 
with  or  without  labyrinthitis  of  middle  ear  origin.  Siet)enmann 
has  recorded  six  cases  of  deafmutism  following  measles.  In 
three  the  trouble  was  undoubtedly  of  middle  ear  origin ;  in  the 
remaining  three  the  route  of  labyrinth  infection  was  an  open 
question.  In  50  to  60  per  cent,  of  cases  of  deaf-mutism 
following  measles  the  tympanic  membrane  is  normal.  Men- 
ingitic  symptoms  in  measles  are  not  very  rare  and  are  usually 
attributed  to  the  high  fever. 

Meningitic  N  euro 'labyrinthitis  following  Measles  and 
Pneumonia.  E.  B.,  male,  aged  17  months,  admitted  April  23, 
1914,  with  shortness  of  breath  of  fourteen  days'  duration.  The 
child  had  had  measles  four  months  before  admission,  followed 
by  broncho-pneumonia.  On  admission,  pulse  162,  temperature 
101. 8°F.  The  evening  temperature  remained  elevated.  A 
fortnight  after  admission  twitching  of  the  whole  of  the  right 
side  developed.  Lumbar  puncture  evacuated  turbid  fluid  under 
greatly  increased  tension.  Post-mortem.  The  right  lung 
showed  congestion  and  edema,  with  emphysema.  The  left  lung 
was  collapsed  and  also  showed  bronchiectasis.  Thtere  was 
copious  pale  greenish  purulent  exudate  in  the  subarachnoid 
space.  Examination  of  the  fluid  of  the  bronchi  and  from  the 
meninges  gave  a  pure  growth  of  pneumococcus. 

Microscopic  examination  of  the  Right  Ear.  There  is  slight 
swelling  of  the  mucosa  and  a  little  mucopurulent  exudate  in  the 
sinus  tympani  and  in  the  niches  of,  the  oval  (Fig.  27  and  30) 
and  round  windows. 

Cochka:  There  is  much  pus  in  the  scala  tympani  in  all 
coils  (Fig.  27,  28  and  29).  This  extends  up  to  the  helicotrema 
(Fig.  28).  In  the  scala  vestibuli  the  purulent  exudate  is  not 
so  marked.  There  is  some  curdled  lymph  with  a  few  pus  cells 
in  the  scala  media  (Fig.  29).  Corti's  organ  is  well  preserved 
(Fig.  29).  The  cochlear  aqueduct  contains  pus  throughout. 
There  is  purulent  infiltration  in  the  perilymph  space  of  the 
vestibule  (Fig.  27).  (As  one  would  expect  from  the  route  of 
infection,  there  is  more  pus  in  the  cochlea  than  in  the  vestibule 
and  canals.)     Internal  meatus.     Both  branches  of  the  eighth 
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nerve  have  unfortunately  been  torn  out  at  the  post-mortem. 
The  fundus  of  the  meatus  shows  pus.     (Fig.  27  and  28). 

Conclusions:  (1)  Meningitic  neuro-labyrinthitis  is  a  fre- 
quent cause  of  deafness  and  deafmutism. 

(2)  Deafness  due  to  epidemic  cerebro-spinal  meningitis 
is  certainly  due  to  meningitic  neuro-labyrinthitis.  Measles  and 
pneumonia  may  also  be  followed  by  meningitis,  and  secondary 
neuro-labyrinthitis.  In  acquired  syphilis  and  mumps  lepto- 
meningitis is  of  common  occurrence  and  is  associated  with  inner 
ear  deafness,  which  is  probably  to  be  explained  by  neuritis  or 
neuro-labyrinthitis  (no  microscopic  examination  as  yet). 
Certain  cases  of  deafness  after  influenza  and  osteomyelitis  may 
also  be  of  meningitic  origin. 

(3)  The  original  source  of  infection  may  be  in  the  respir- 
atory tract,  parotid  gland,  genital  organs,  long  bones  or  else- 
where. 

(4).  A  blood,  infection  (septicaemia)  probably  in  all 
cases  forms  the  connecting  link  between  the  primary  disease  and 
the  onset  of  meningitis. 

(5)  Meningitic  neuro-lalbyrinthitis  is  usually  but  by  no 
means  always  bilateral.  The  onset  is  usually  sudden.  Irritative 
symptoms,  such  as  tinnitus  and  giddiness,  are  often  present  but 
may  not  be  observed  owing  to  the  mental  condition  (coma)  of 
the  patient.  In  epidemic  cerebro-spinal  meningitis  and  paro- 
titis, deafness  usually  occurs  early  in  the  course  of  the  disease. 

(6)  Deafness  due  to  meningitic  neuro-labyrinthitis  may  be 
associated  with  other  metastatic  lesions,  e^g.,  orchitis,  arthritis, 
mastitis,  blindness  or  paralysis  of  the  oculo-motor  nerves. 

(7)  The  infection  usually  passes  along  the  subarachnoid 
space  from  the  base  into  the  internal  auditory  meatus  and  then 
along  the  nerves  and  vessels  to  the  labyrinth.  In  some  cases 
the  perilymphatic  aqueduct  is  the  route  of  invasion,  while  in 
others  both  paths  may  be  involved. 

(8)  As  a  rule  both  the  cochlear  and  vestibular  apparatus 
are  affected.  Frequently  the  cochlear  apparatus  is  the  one 
mainly  or  alone  involved ;  rarely  do  we  have  a  more  or  less 
isolated  affection  of  the  vestibular  apparatus. 
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Fig.    1. 

Fig.  1. — Case  I.  Horizontal  section  through  left  ear.  No.  250.  x  11 
diam.  Axial  section  through  cochlea.  Shows  dilation  of  cochlear  duct 
in  all  coils.  The  cochlear  nerve  and  spiral  ganglion  appear  normal.  1. 
Reissner's  membrane  is  ruptured  at  the  apex  of  the  cochlea  (artefact?), 
and  here  the  basilar  membrane  lies  on  the  bony  lamella  which  separates 
the  upper  part  of  the  middle  coil  from  the  apical  coil.  The  helicotrema 
is  absent. 


Fig.    2. 

Fig.  2. — Case  I.  Horizontal  section  through  lower  part  of  the  middle 
coil.  No.  250.  X  45  diam.  1.  Dilated  cochlear  duct.  2.  Membrana  tec- 
toria  lying  on  the  apex  of  the  limbus.  3.  Rudimentary  Corti's  organ. 
4.  Spiral  ligament  showing  dropsical  degeneration.  The  stria  vascularis 
appears   to   be   well   formed. 
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Fis.    3. 

Fie:.  3. — Case  I.  Horizontal  section  throueh  upper  part  of  left  basal 
coil.  No.  250.  X  45  diam.  1.  Dilated  cochlear  duct.  2.  Split  in  the 
bony  capsule  (artefact).  3.  Adhesion  between  membrana  tectoria  and 
stria  vascularis.     4.    Rudimentary   Corti's  organ. 


Fig.    4. 

Fig.  4. — Case  I.  Horizontal  section  through  lower  part  of  left  basal 
coil.  No.  250.  X  45  diam.  Note  that  the  membrana  tectoria  is  tucked 
into  the  internal  spiral  sulcus.  Corti'e  organ  is  rudimentary,  but  the 
nner  pillar  cell  can  be  made  out.  1.  Dilated  cochlear  duct.  2.  Nerve  in 
bony  spiral  lamina,  apparently  normal.  3.  Spiral  ligament  which  shows 
the  so-called  dropsical  degeneration. 
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Fig.     5. 

Fig.  5. — Case  I.  Horizontal  section  through  left  ear.  No.  290.  x  11 
diam.  1.  Footplate  of  stapes.  2.  Purulent  exudate  in  hollow  of  stapes. 
3.  Opening  of  smooth  end  of  lateral  canal  into  vestibule.  4.  Crus 
commune.  5.  Utricle.  6.  Ductus  perilvmphatious.  7.  Nerve  to  saccule 
surrounded  by  meningitis.     8.  Collapsed  saccule. 


Fig.  6. 

Fig.  6. — Case  I.  K'D.,  male,  aged  12  years.  Congenital  Deaf-Mute. 
Section  No.  165.  Horizontal  section  through  left  ear.  x  13  diam.  Shows 
normal  condition  of  crista  of  lateral  canal. 
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Fig.    7. 

Fig.  7. — Case  I.  Vertical  section  through  right  ear.  Xo.  55.  Axial 
section  through  cochlea,  x  8  diam.  Cochlear  nerve  and  ganglion  are 
normal.     1.    Helicotrema.     2.    Meningitis   infiltration   in   internal   meatus. 


Fig.    8. 

Fiar.    8. — Case    I.     Vertical    section    through    right    ear.     Xo.    55      x    50 
diam.     1.  Upper  blind  end  of  cochlear  duct,  showing  complete  collapse. 


530 


FRASER. 


Pig.    9. 

Pig.  9. — Case  I.  Vertical  section  tlirougii  lower  part  of  right  middle 
coll.  No.  55.  X  50  diam.  1.  Membrana  tectorla,  which  lies  between  the 
origin  of  Reissner's  membrane  and  the  limbus.  2.  Rudmentary  Corti's 
organ.  3.  Great  proliferation  of  stria  vascularis,  which  occupies  the 
outer  third  of  the  narrow  cochlear  canal. 


Fig.   10. 

Pig.  10. — Case  I.  Vertical  section  through  upper  part  of  right  basal 
coil.  No.  55.  X  50  diam.  1.  Reissner's  membrane  depressed  and  attached 
to  basilar  membrane.  2.  Position  of  stria  vascularis,  which  is  absent. 
3.  Position  of  spiral  prominence.  4.  Basilar  membrane.  5.  Membrana 
tectoria  tucked  into  internal  spiral  sulcus.  It  will  be  seen  that  there  is 
a  complete  malformation  of  the  epithelium  lining  the  cochlear  canal, 
which  is  represented  by  at  least  four  spaces  in  the  section. 
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Fig.     11. 

Fig.  11. — Case  I.  Vertical  section  of  right  ear.  No.  226.  x  13  diam. 
1.  Collapsed  saccule.  2.  Nerve  to  ampulla  of  posterior  canal.  3.  Opening 
of  aqueduct  of  cochlea.     4.  Niche  of  round  window.     5.   Cochlear  duct. 


Fig.   12. 

Fig.  12. — Case  I.  Vertical  section  through  right  ear.  No.  315.  x  8 
diam.  1.  Facial  nerve.  2.  Vestibular  nerve.  3.  Utricle  (neuro-epitheli- 
um  normal).  4.  Endolymphatic  duct.  5.  Crista  of  posterior  canal,  normal. 
6.  Niche  of  round  window,  and,  above  this,  the  blind  vestibular  end  of 
the  cochlear  duct,    7.  Stapes.    The  head  is  lightly  attached  to  promontory. 
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Fig.    13. 

Fig.  13. — Case  II.  Horizontal  section  through  right  ear.  No.  204.  x  5 
diam.  1.  Cholesteatoma  on  inner  wall  of  tympanum.  2.  Promontory. 
3.  Tubal  part  of  tympanic  cavity.  4.  Internal  carotid  artery.  5.  Upper 
part  of  basal  coil  largely  filled  up  by  new  bone  formation.  6.  Internal 
meatus  with  nerves.  7.  Crus  commune.  &.  Smooth  end  of  lateral  canal 
filled   with  connective   tissue.     9.   Facial  nerve. 
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Fig.   14. 

Fig.  14. — Case  II.  C.  S.,  male,  aged  10  years.  Acquired  deaf-mutism 
due  to  labyrinthitis.  Horizontal  section  through  right  (operated)  ear. 
Xo.  70.  X  8  diam.  1.  Inner  wall  of  aditus.  2.  Mastoid  antrum.  3.  Con- 
vexity of  lateral  canal  almost  entirely  obliterated  by  new  bone.  4.  Re- 
mains of  endolymphatic  space. 


Fig.    15. 

Fig.  15. — Case  II.  Horizontal  section  through  right  ear.  Xo.  105. 
X  11  diam.  1.  Mucosa  covering  prominence  of  lateral  canal.  2.  Lateral 
canal  completely  obliterated  by  bone.  3.  Erosion  of  bone.  4.  The  ampul- 
lary  end  of  superior  canals  partially  filled  up  by  new  bone  fo.maLiou. 
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Fig.    16. 

Fig.  16. — Case  II.  Horizontal  section  through  right  ear.  No.  150.  x  11 
diam.  The  cochlear  duct  is  greatly  dilated,  almost  obliterating  the 
scala  vestibuli.  Corti's  organ  is  completely  absent.  The  spiral  ganglion 
is  somewhat  atrophied,  especially  in  the  basal  coil.  1.  New  formation 
of  bone  and  connective  tissue  in  scala  tympani  of  basal  coil.  (The 
specimen  has  been  somewhat  spoilt  by   the  evacuation  apparatus.) 


Fig.  17. 

Fig.  17. — Case  I.  Horizontal  section  through  right  ear.  No.  243.  x  11 
diam.  1.  Niche  of  round  window  with  pus  cells.  2.  Sinus  tympani  also 
full  of  pus.  3.  New  bone  formation  in  the  lower  part  of  the  vestibule. 
4.  New  bone  formation  in  the  scala  tympani  on  inner  side  of  the  thick- 
ened  round  window  membrane. 
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Fig.    18. 

Fig.  18. — Case  II.  Horizontal  section  through  left  ear.  No.  406.  x  5 
diam.  1.  Tubal  part  of  tympanic  cavity.  2  Anterior  part  of  tympanic 
membrane,  with  malleus.  3.  Rupture  of  atrophic  posterior  portion  of 
drumhead — artefact  4.  Facial  nerve  with  stapedius  to  the  left  of  it. 
5.  Pus  In  sinus  tympani.  6.  Smooth  end  of  posterior  canal  completely 
obliterated  by  new  bone.  7.  Ampullary  end  of  posterior  canal.  8.  Niche 
of  round  window.  9.  Basal  coil  of  cochlea  with  new  bone  formation  in 
scala   tympani  and  scala  vestibuli. 
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Fig.    19. 

Fig.  19. — Case  II.  Axial  section  tlirougii  left  coclilea.  No.  336.  x  11 
diam.  Showing  new  formation  of  delicate  connective  tissue  and  bone  in 
perilymphatic   space,    and  great   dilatation   of  cochlear   duct. 


Fig.    20. 

Fig.  20. — Case  II.  Horizontal  section  through  lower  part  of  basil  coil, 
left  ear.  No.  336.  1.  New  connective  tissue  formation  in  scala  vestibuli. 
2.  Reissner's  membrane.  3.  Greatly  dilated  cochlear  duct.  4.  Rupture  of 
basilar  membrane  (artefact).  5.  New  connective  tissue  and  bone  for- 
mation in  scala  vestibuli. 
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Fig.   21. 

Fig.  21. — Case  II.  Horizontal  section  through  upper  part  of  left  basal 
coil.  X  20  diam.  1.  Greatly  dilated  cochlear  duct.  2.  Reissner's  mem- 
brane.    3.  Almost  complete  atrophy  of  Corti's  organ. 


Fig.    22. 

Fig.  22. — Case  II.  Horizontal  section  through  middle  and  upper  coils 
of  left  cochlear,  x  30  diam.  shows  dilated  cochlear  duct  and  atrophic 
conditions  of  Corti's  organ.  The  membrana  tectoria  is  absent.  1.  New 
connective  tissue  filling  up  helicotrema. 
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Pig.    23. 

Pig.  23. — Epidemic  cerebro-splnal  meningitis  of  about  eiglit  days'  dura- 
tion. Horizontal  section  through  right  ear.  No.  135.  x  6  diam.  1. 
External  auditory  meatus.  2.  Adhesion  between  drumhead  and  inner 
wall.  3.  New  bone  formation  in  drumhead  (chalk  patch).  4.  Internal 
meatus,  showing  slight  meningeal  exudate.  5.  Crus  commune  (note 
faulty  formation  of  walls  of  bony  canal.  6.  Convexity  of  lateral  canal. 
7.  Antrum,  with  thickened  lining  membrane.  8.  Pacial  nerve.  Note  that 
long  process  of  incus  is  absent;  it  should  be  situated  between  the  handie 
of  the  malleus  and  the  footplate  of  the  stapes  which  is  seen  in  the  oval 
window.  Middle  ear  suppuration  had  evidently  been  present  in  child- 
hood in  this  case. 


Pig.  24. 

Pig.  24. — Section  70.  x  9  diam.  1.  Purulent  exudate  in  helicotrema. 
2.  Exudate  in  scala  vestibuli.  3.  Same  in  scala  tympani.  4.  Cochlear 
nerve  with  hemorrhagic  purulent  exudate  around.  5.  Endosteum  de- 
tached from  wall  of  scala  tympani  of  basal  coil   (artefact). 
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Fig.  25. 

Pig.  25. — Section  205.  x  9  diam.  1.  Exudate  in  scala  tympani  of  basal 
coil.  2.  Purulent  exudate  in  sinus  tympani.  3.  Thickened,  infiltrated  and 
engorged  mucosa  lining  the  sinus  tympani.  4.  Tympanic  cavity.  5. 
Stapedius.  6.  Hemorrhagic  purulent  exudate  in  perilymph  space  of  pos- 
terior canal.     7.  Aqueduct  of  cochlea  containing  exudate. 


Fig. 


Fig.  26. — Section  50.  x  9  diam.  1.  Facial  nerve.  2.  Crista  of  lateral 
canal  infiltrated  with  pus  (the  exudate  is  streaming  through  the  apex 
of  the  crista,  and,  if  the  illustration  is  turned  right  round,  gives  the 
appearance  of  a  volcano  in  eruption).  3.  Aditis.  4.  Purulent  and  hemor- 
rhagic exudate  in  perilymph  space.  5.  The  vestibular  nerve  surrounded 
by  purulent  exudate.  6.  Purulent  hemorrhagic  exudate  at  point  of  entry 
of  nerve   to  utricle. 
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Fig.    27. 

Fig.  27. — E.  B.,  pneumonia  and  meningitic  labyrinthitis.  Section  205. 
X  6  diam.  1.  Incus.  2.  External  meatus.  3.  Malleus.  4.  Eustacnian  tube, 
normal.  5.  Carotid  canal.  6.  Exudate  in  scaia  tympani  of  basal  coil. 
7.  Internal  meatus  (the  nerves  have  unfortunately  been  torn  out).  8. 
Endolymphatic  aqueduct.  9.  Exudate  in  perilymph  space  of  crus  com- 
mune. 10  Lateral  canal.  11.  Niche  of  oval  window  showing  thickened 
mucosa  with   some   exudate. 


Fig.    28. 

Fig.    28. — E.    B.,    pneumonia   and    meningitic    labyrinthitis.  Section    185. 

X   9   diam.     1.   Purulent   exudate   in   helicotrema.     2.    Tensor  tympani.     3. 

Pus   in   fundus   of  internal   meatus.     4.    Purulent   exudate   in  basil   coil  of 
cochlea.     5.  Carotid  canal. 
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Fig.  29. 

Fig.  29. — E.  B.,  pneumonia  and  meningitic  labyrinthitis.  Section  185. 
X  38  diam.  1.  Purulent  exudate  in  scala  vestibuli — to  the  left  it  is  lying 
on  upper  surface  of  Reissner's  membrane.  2.  Spiral  ganglion  infiltrated 
with  pus.  3.  Scala  tympani  full  of  pus.  4.  Cochlear  canal  with  fibrinous 
and  slightly  purulent   exudate. 


Fig 


Fig.  30. — E.  B.,  pneumonia  and  meningitic  labyrinthitis.  Section  245. 
X  9  diam.  1.  External  meatus.  2.  Facial  nerve.  3.  Exudate  in  perilymph 
space  of  smooth  end  of  lateral  canal  where  it  joins  the  vestibule.  4.  Exu- 
date in  niche  of  oval  window.  5.  Head  of  stapes.  6.  Long  process  in  in- 
cus.    7.  Malleus. 
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Fig.  31. 

Fig.  31. — Congenital  syphilitic  disease  of  the  ear.  Horizontal  section 
through  left  ear.  No.  102.  x  5  diam.  1.  Geniculate  bend  of  facial  nerve. 
2.  Normal  fatty  marrow.  3.  Normal  cellular  marrow.  4.  Osteoclastic 
marrow.  5.  Head  of  malleus  ankylosed  to  attic  wall;  note  erosions.  6. 
Body  of  incus;  both  ossicles  show  wide  marrow  spaces.  7.  Greatly  thick- 
ened submucosa  of  attic.  8.  Ampullary  end  of  superior  canal.  9.  Osteo- 
clastic marrow  eroding  bony  wall;  of  canal.  10.  Smooth  end  of  superior 
canal  filled  with  granulation  tissue.  11.  Opening  of  fossa  subarcuata. 
12.  Upper  part  of  bony  cochlear  capsule.  13.  Osteoclastic  marrow  eroding 
cochlear  capsule.  14.  Normal  cellular  marrow  in  anterior  part  of 
petrous  pyramid. 
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Fig.   32. 

Fig.  32. — Congenital  syphilitic  disease  of  the  ear.  Horizontal  section 
through  left  ear.  Xo.  282.  x  5  diam.  1.  Tendon  of  tensor  tympanl. 
2.  Long  process  of  incus.  3.  Necrosed  bone  being  extruded  into  external 
meatus.  4.  Footplate  of  stapes.  5.  Facial  nerve.  6.  External  canal,  the 
perilymph  space  is  filled  with  granulation  tissue.  7.  Posterior  canal: 
also  filled  with  granulation  tissue.  8.  Utricle.  9.  Ductus  endolymphaticus. 
JO.  Dilated  saccule.  11.  Osteoclastic  marrow  which,  higher  up,  erodes 
the  internal  meatus.  12.  Osteoclastic  marrow  in  bone  of  promontory  in 
anterior  margin  of  oval  window.  13.  Bony  capsule  of  cochlea.  14.  Dilated 
scala  media  of  basal  coil  of  cochlea.  15.  Carotid  canal.  16.  Tensor  tym- 
pani  muscle.  Xote  the  erosion  of  the  bony  capsule  of  the  cochlea  by.  the 
osteoclastic   marrow. 
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Fig.  33. 

Fig.  33. — Left  ear.  Section  342.  x  11  diam.  1.  Carotid  canal.  2.  Area 
of  osteomyelitis  in  capsule  of  cochlea  between  cartilage  and  lamellar  bone. 
3.  Dilated  cochlear  duct  of  middle  coil.  4.  Dilated  cochlear  duct  of  basal 
coil.  > 


Fig.    34. 

Fig.  34. — Left  ear.     Section  320.     x  50  diam.     Shows  condition  (degenera- 
tive neuritis)  of  Corti's  organ  in  basal  coil. 
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Fig.   35. 

Fif?.  35.— Left  ear.  Section  340.  x  210  diam.  (Kulschitzky  stain.)  1. 
Vein  in  modiolus.  2.  Spiral  ganglion  of  basal  coil,  showing  atrophy  of 
nerve  cells. 


Fig.  36. 

Fig.  36. — Left  ear.  Section  276.  x  42  diam.  Shows  condition  of,  1. 
Neuroepithelium  of  sacculus.  2.  Area  of  osteomyelitis  in  labyrinth  cap- 
sule. 
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Fig.    37. 

Fig.  37. — Left  ear.  Section  264.  x  10  diam.  1.  Facial  nerve.  2.  New 
connective  tissue  and  giant  cells  filling  perilymph  space  of  external  canal 
and  in  contact  with,     3.  PhagxKjytic  marrow. 


Fig.   38. 

Pig.  38.— Left  ear.  Section  144.  x  10  diam.  1.  Crista  of  external  canal. 
2  New  connective  tissue  in  perilymph  space  in  contact  with,  3.  Phagocy- 
tic marrow  invading  the  labyrinth  capsule.  (For  convenience  the  sectiot. 
has  been  rotated  through  90  degrees.) 


THE  PATHOLOGY  OF  DEAFMUTISM. 


547 


Fig.   39. 
Fig.    39. — Section    126.     x    11    diam.     1.    Roof    of    external    meatus    with 
necrosed    bone    and    desquamated    epithelium.     2.    Malleus    ankylosed    to 
attic  wall.     3.   Incus.     Xote   invasion   of  marrow   spaces   from  submucosa. 
4.  Cystic  space  containing-  mucoid  exudate. 


Fig.   40. 
Fig.  40. — Left  ear.     Section  308.     x  11  diam.     Shows  dilated  and  marrow 
parts     of    ductus     endolymphaticus.     1.     Dilated     saccule.     2.     Utricle.     3. 
Dilated  part  of  ductus  endolymph.     4.  Narrow  part  surrounded  by  osteom- 
yelitis. 
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Pig.   41. 

Pig.  41. — Congenital  syphilitic  disease  of  the  ear.  Horizontal  section 
through  right  ear.  No.  152.  x  5  diam.  1.  Incus.  2.  External  meatus  con- 
taining desquamated  epithelium  and  bits  of  necrosed  bone.  3.  Malleus 
in  region  of  short  process.  4.  Facial  nerve.  5.  Eustachian  tube.  6. 
Carotid  canal.  7,  8  and  9.  Areas  of  ostitis  vasculosa  (chronic  osteomye- 
litis) in  capsule  of  cochlea.  10.  Ostitis  vasculosa  in  cochlear  capsule 
just    above    and    in    front    of    oval    window.  11.     Ostitis    vasculosa 

near  internal  auditory  meatus.  12.  Utricle.  13.  Osteoclastic  marrow 
(ostitis  vasculosa).  14.  Posterior  canal  obliterated  by  granulation  tissue. 
15.  Dilated  vessels  of  fossa  subarcuata,  which  here  take  a  knee-shaped 
bend.  16.  Ostitis  vasculosa  eroding  bony  wall  of  external  canal.  17. 
Cavity  of  aditus  containing  mucoid   material. 


THE  PATHOLOGY  OP  DEAFMUTISM. 


549 


'   .^ 

§ 

h- 

ii 

i 

' 

f*^%tf  M^B 

i 

¥ 

\l 

■ 

,'•> 

;    ■ 

(■ 

-^} 

^ 

Va 

\'- 

'     9 

■^i 

f^: 

F« 

> 

1 

,  10 — — 

^iT* 

kw  ■ 

3      Ai 

1 

^^ 

^v    T4> 

* 

^^I^Hcj 

^ — 

w 

_J 

■ 

tO' 

1 

1^' 

3 

^1 

j 

cvj ' 

I 

-4 

^ 

k«- 

H^A 

i 

w 

Fig.    42. 

Fig.  42. — Congenital  syphilitic  disease  of  the  ear.  Horizontal  section 
through  right  ear.  No.  274.  x  5  diam.  1.  Facial  nerve.  2.  Stapedius 
muscle.  3.  Sinus  tympani.  4.  Xiche  of  round  window.  5.  Cochlear  open- 
ing of  perilymphatic  aqueduct  filled  up  with  delicate  connective  tissue 
which  is  only  faintly  seen.  6  and  8.  Area  of  ostitis  vasculosa  in  cochlear 
capsule.  7.  Carotid  canal.  9.  Cellular  marrow  (normal).  10.  Fatty 
marrow  (normal).  11.  Area  of  ostitis  vasculosa  behind  basal  coil.  12. 
Ampullary  end  of  posterior*  canal.  13.  Smooth  end  of  posterior  canal 
obliterated  by  connective  tissue  and  surrounded  by  osteoclastic  marrow. 
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Fig.   43. 

Fig.  43. — Riglit  ear.  Section  165.  x  7  diam.  (Stained  with  Kulschitzky 
iiaematoxylin.)  Shows  cochlea  and  internal  meatus.  1.  Scala  tympani 
of  basal  coil  partially  filled  with  new  connective  tissue.  2.  Greatly  dilated 
scala  media  which  obliteratis  the  scala  vestibuli.  3.  Area  of  meningitis 
(small  cell  infiltration)  in  internal  meatus  next  to  osteomyelitis  In  the 
bony  partition,    between   cochlea   and  vestibule. 


Fig.   44. 

Fig.  44. — Right  ear.     Section  123.     x  7  diam.     1.  Crista  of  external  canal. 
2.   Osteomyelitis  reaches  endosteum.     3.   Vessels  of  fossa  subarcuata. 
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Fig.  45. — Congenital  sypliilitic  disease  of  the  ear.  Section  through  osteo- 
clasic  marrow,  x  200  diam.  Showing  large  osteoclast  with  many  nuclei 
the  giant  cell  contains  a  bit  of  necrosed  bone.  1.  Giant  cell.  2.  .Necrosed 
tone   in   the  giant  cell. 


Fig.  46. 

Fig.  46. — Right  ear.  Section  188.  x  11  diam.  1.  Anterior  margin  of 
oval  window  with  invasion  of  marrow  spaces.  2.  Footplate  of  stapes. 
3.    Dilated  sacculus.     4.   Dilated  utriculus. 
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Fig.  47. 

Fig.  47. — Right  ear.  Section  236.  x  134  diam.  Shows  catarrhal  excres- 
cence from  right  lining  membrane  of  ductus  endolymphaticus  in  the 
dilated  portion  near  the  sacculus. 
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Fig.  48.— Left  ear.  Section  78. 
marrow.  1.  Capsule  of  cochlea, 
row.     3.   Leucoblastic  reaction.     4. 


Fig.    48. 

X  13  diam.  Showing  different  kinds  of 
2.  Granulation  tissue  change  in  mar- 
Fatty  marrow. 
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Fig.   49. 

Fig.  49. — Right  ear.  Section  274.  x  13  diam.  1.  Cochlear  opening  of 
perilymphatic  duct  blocked  by  new  connective  tissue.  2.  Xiche  of  round 
window.     3.  Ampullary  end   of  posterior   canal. 


Fig.   50. 

Fig.  50. — Right  ear.  Section  236.  x  7  diam.  Shows  oval  window, 
vestibule,  and  crus  commune.  1.  Dilated  sacculus  and  ductus  reuniens. 
2.  Dilated  endolymph  ductus  with,  4.  Catarrhal  excrescence  growing  from 
inner  and  anterior  wall  of  duct.     3.   Stapes  in  oval  window. 
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(9)  The  pathological  changes  producing  the  deafness 
may  be:  (a)  hydrocephalus;  (b)  changes  in  the  walls  of  the 
fourth  ventricle;  (c)  purulent  infiltration  of  the  eighth  nerve 
with  subsequent  descending  neuritis  accompanied  by  atrophy 
of  the  spiral  ganglion  cells  and  Corti's  organ;  (d)  purulent 
labyrinthitis  which,  if  the  patient  lives  long  enough,  is  followed 
by  the  formation  of  granulations  tissue  and,  later,  of  new  con- 
nective tissue  and  bone  in  the  hollow  spaces  of  the  labyrinth. 

(10)  The  resulting  deafness  is  as  a  rule  complete  and 
permanent  in  the  ear  (or  ears)  affected. 

(11)  Vestibular  symptoms  (loss  of  balancing  and  wad- 
dling gait)  pass  off  rapidly  in  adults,  but  in  young  children  they 
may  last  as  long  as  one  year. 

(12)  In  cases  of  sudden  nerve  deafness  with  or  without 
vestibular  symptoms  lumbar  puncture  should  be  performed 
and  the  cerebro-spinal  fluid  examined  chemically  and  microsco- 
pically. The  Wassermann  reaction  of  the  fluid  should  also  be 
tested  and  cultures  made. 

(13)  Repeated  lumbar  punctures  are  of  use  in  treatment, 
especially  in  cases  of  deafness  due  to  hydrocephalus.  Small 
doses  of  potassium  iodide  and  hypodermic  injections  of  pilo- 
carpin  have  been  used  in  the  treatment  of  meningitic  neuro- 
labyrinthitis,  but  apparently  without  success. 

Intra-uterine  Meningitis. 

This  condition  is  very  difficult  to  prove.  At  most  we  can 
say  that  in  cases  of  deafness  apparently  dating  from  birth, 
microscopic  examination  has  shown  the  presence  of  (those 
changes  usually  associated  with  meningitic  labyrinthitis.  Grad- 
wohl  has  shown  that  meningitis  may  occur  in  the  foetus  in 
utero.  Haike's  case  was  one  of  encephalitis  hemorrhagica.  The 
infant  died  on  the  fourth  day  after  birth.  The  cranial  cavity 
contained  much  clear  fluid,  and  the  cerebral  hemispheres  were 
absent.  There  were  recent  hemorrhages  in  the  eighth  nerve 
and  in  all  coilg  of  the  cochlea.  Pause  has  recorded  the  case 
of  a  female,  aged  65,  said  to  have  been  born  deaf.  Histological 
examination  showed  the  results  of  an  inflanimatory  infection  of 
the  inner  ear. 
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Castex  and  Marchand  have  recorded  three  cases  apparently 
due  to  intra-uterine  meningitis.  The  middle  ear  was  intact. 
There  was  distinct  atrophy  of  the  temporal  lobes  on  both  sides. 
Corti's  organ,  the  cochlear  nerve,  and  the  central  paths  were 
all  degenerated. 

Alexander  and  Neumann  have  recorded  the  case  of  a 
female,  aged  43,  said  to  have  been  deaf  from  birth.  They 
found  the  middle  ear  normal ;  cochlear  and  vestibular  ganglia 
degenerated ;  atrophy  of  nerve  endings  of  the  labyrinth ;  dila- 
tation of  the  cochlear  duct ;  bony  closure  of  the  scala  tympani  at 
the  base  of  the  cochlea;  scala  vestibuli  closed  off  from  the 
perilymph  space  of  the  vestibule  by  bone. 

"Congenital"  Syphilitic  Deafness. 

Many  cases  of  so-called  "congenital"  deafmutism  are 
really  due  to  intra-uterine  syphilis  or  to  syphilitic  changes  in 
the  ear  occurring  before  the  child  has  learned  to  talk.  The 
most  severe  forms  of  ear  syphilis  occur  in  intra-uterine  Hfe. 
The  newly  born  infants  show  all  the  signs  of  congenital  deaf- 
ness and  the  static  labyrinth  is  not  excitable.  (Alexander)  In 
twenty-one  syphilitic  families  Kerr  Love  found  that  there  had 
been  altogether  172  pregnancies,  of  which  30  resultied  in 
miscarriages  or  still-births.  Of  the  142  children  born  aHve,  45 
had  died,  thus,  with  the  miscarriages  and  still-births,  giving 
a  total  of  75  deaths.  (Among  the  45  deaths  which  occurred 
after  birth  there;  were  many  cases  of  meningitis.)  Of  the  97 
individuals  living  at  the  time  of  examination  31  were  deaf  and 
blind.  Of  the  66  living  children  who  were  neither  deaf  nor 
blind,  many  had  been  born  before  the  parents  contracted 
syphilis. 

The  percentage  of  cases  of  congenital  syphilitic  deafness 
among  deaf  mutes  varies  from  3.5'  to  25%.  The  lower  percen- 
ages  are  arrived  at  by  clinical  examination,  the  higher  ones  by 
the  Wassermann  test.  The  latq  type  of  congenital  syphilitic 
deafness  (Hutchinson's  symptom  triad)  is  usually  an  evidence 
of  expiring  syphilis.  The  Wassermann  reaction  does  not  dis- 
cover all  the  cases  of  congenital  deafness  which  are  due  to 
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congenital  syphilis.     When  syphilis  has  become  latent  the  re- 
action is  negative  in  fully  50  percent  of  cases. 
Pathology. 

(1)  In  the  Fetus  and  in  Infants.  (a)  An  infective 
process  in  the  middle  ear  may  involve  the  labyrinth  by  rupture 
of  the  annular  ligament  with  consequent  invasion  of  the  vestibule 
through  the  oval  window,  (b)  Intra-uterine  meningitis  in  the 
region  of  the  internal  meatus  and  neuritis  (small  cell  infiltra- 
tion) of  the  eighth  nerve,  (c)  Changes  in  the  blood-vessels 
have  been  noted  by  French  Otologists. 

(2)  In  Young  Children  suffering  from  congenital  syphilis, 
what  appears  to  be  a  case  of  simple  Eustachian  catarrh  runs  an 
unfavourable  course  (McBride).  Treatment  does  no  good, 
and  the  drumheads  remain  thickened  and  indrawn,  while  the 
deafness  is  severe  and  persists.  We  have  a  combination  of 
middle-ear  catarrh  and  labyrinthine  deafness.  Middle-ear 
aflfections  in  congenital  syphilis  show  a  marked  tendency  to 
break  into  the  labyrinth. 

(3)  The  "Late"  Type  of  Congenital  Syphilis.  Deafness 
occurs  (gradually  or  suddenly)  between  the  seventh  and  thir- 
teenth years  as  a  rule.  Interstitial  keratitis  is  almost  invari- 
ably present,  while  "Hutchinson"  teeth  are  found  in  50  per 
cent,  of  cases.  Views  as  to  the  pathology  of  the  "late  form  of 
congenital  syphilitic  deafness  may  be  summarized  as  follows: 
(a)  The  deafness  may  be  due  to  a  neuro -labyrinthitis  spreading 
from  the  meninges.  A  lymphocytosis  exists  in  the  cerebro- 
spinal fluid  in  children  suffering  from  congenital  syphilis,  (b) 
Vascular  cfmnges  (endarteritis)  and  hemorrhages  may  explain 
the  sudden  form  of  "late"  congenital  syphilitic  deafness, 
(c)  Otitis  media  followed  by  para  and  peri-lab yrinthitis  or  by 
invasion  of  the  labyrinth  through  the  windows.  The  tympanic 
membranes  are  seldom  normal.  Out  of  2)?>  cases  examined  by 
the  writer  the  drumheads  were  normal  in  only  four  instances. 
This  points  to  a  past  attack  (or  attacks)  of  otitis  media.  The 
writer  holds  that,  at  least  in  some  cases,  the  "late"  form  of 
congenital  syphilitic  deafness  is  due  to  syphilitic  otitis  media, 
possibly  with  mixed  infection,  which  (1)  invades  the  marrow 
spaces  of  the  petrous  bone  and  also  attacks  the  labyrinth  cap- 
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sule,  giving  rise  to  a  chronic  form  of  osteomyelitis  which 
slowly  invades  the  perilymph  space  of  the  labyrinth  (gradual 
onset  of  deafness),  or  (2)  rapidly  invades  the  hollow  spaces 
of  the  inner  ear  through  the  oval  or  round  windows  and  causes 
syphilitic  panotitis  (apoplectiform  onset  of  deafness). 

Steinbrugge  has  recorded  a  case  in  which  the  inflammatory 
condition  had  invaded  the  labyrinth  through  the  oval  window. 
In  Gradenigo's  case  Hutchinson's  symptom  triad  was  present. 
Both  labyrinth  windows  were  destroyed.  The  vestibule  and 
cochlea  were  partially  filled  up  by  new  formed  bone  and  con- 
nective tissue. 

Case.  Male,  aged  20,  a  blind  basket-maker.  The  father 
died  of  aneurysm  at  the  age  of  35 ;  the  mother  had  four  still- 
born children  before  the  birth  of  the  patient;  afterwards  she  had 
three  more  still-born  children.  As  a  young  child  the  patient 
could  hear  well  and  spoke  normally.  At  the  age  of  four  years 
he  had  measles  followed  by  double  otorrhoea,  which  persisted 
through  life.  He  was  slightly  deaf  after  the  onset  of  the 
middle-ear  trouble  and  the  deafness  gradually  increased.  At 
the  age  of  ten  interstitial  keratitis  was  noted  and  six  months 
later  there  was  syphilitic  ulceration  of  the  pharynx,  followed 
by  contraction.  At  this  period  the  deafness  markedly  increased, 
and  within  a  year  became  almost  complete.  The  patient's  speech 
soon  became  very  indistinct.  He  frequently  complained  of  noises 
in  the  ear  and  giddiness,  and  walked  in  a  peculiar  "rolling" 
manner.  For  some  time  before  admission  the  patient  had  been 
very  drowsy  and  often  went  to  sleep  in  a  chair  in  the  midst 
of  conversation.  Examination  :  The  incisor  teeth  were  notched 
and  the  comeae  very  cloudy.  Syphilitic  scars  were  noted  round 
the  kntees.  The  Wassermann  r;eiaction  was  negative.  The 
patient's  breathing  was  noisy.  Only  fluid  food  could  be 
swallowed.  The  nasopharynx  was  entirely  shut  off  from  the 
mouth  and  oropharynx  by  scar  tissue.  There  was  marked 
cicatricial  narrowing  of  the  upper  aperture  of  the  larynx,  the 
epiglottis  being  adherent  to  the  posterior  wall  of  the  pharynx. 
The  patient  became  comatose  and  died  suddenly  in  the  afternoon 
following  this  examination.     Autopsy  showed  syphilitic  changes 
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in  the  skull-cap,  brain  membranes,  lungs,  heart,  aorta,  and  liver. 
The  brain  was  markedly  edematous. 

Summary  of  the  Cliangcs  found  on  Microscopic  Examination 
of  the  Ears. 

I.  A  chronic  adhesive  process  in  the  tympanic  cavity, 
especially  in  the  upper  parts  Fig.  31,  32,  and  41).  The  sub- 
mucosa  is  greatly  thickened,  and  shows  cystic  spaces  filled  with 
mucopus  (Fig.  31  and  41),  but  there  is  no  perforation  of  the 
tympanic  membrane. 

II.  Ankylosis  of  the  malleus  (Fig.  31)  and  incus  on  the 
right  side)  to  the  external  attic  wall. 

III.  Necrosis  and  exfoliation  of  bone  from  the  posterior 
superior  wall  of  the  external  meatus  (Fig.  39  and  41). 

IV.  Invasion  of  the  lahyrinth  capsule  from  the  deep 
layer  of  the  swollen  and  infiltrated  submucous  tissue  of  the 
attic,  aditus,  and  antrum,  and  to  a  less  extent  from  the  sub- 
mucosa  of  the  lower  part  of  the  tympanic  cavity  (Fig.  32,  38, 
and  42). 

V.  Marked  changes  in  the  marrow  surrounding  the  laby- 
rinth capsule,  of  the  nature  of  a  chronic  osteomyelitis  (Fig.  37, 
44,  48,  and  50).  These  changes  in  the  marrow  are  continuous, 
the  inflammatory  process  spreading  in  from  the  deep  layer 
of  the  submucosa  of  the  middle  ear.  The  marrow  around  the 
labyrinth  capsule  shows  marked  leucohlastic  reaction  (Fig.  48), 
while  that  in  immediate  contact  with  the  cartilage  bone  of  the 
labyrinth  capsule  is  converted  into  granulation  tissue  (Fig.  44), 
and  shows  numerous  giant  cells  (Fig.  45)  but  no  caseation. 

VI.  Erosion  of  the  bony  capsule  of  the  labyrinth  by  the 
phagocytic  marrow  to  such  an  extent  that  the  inflammatory 
changes  reach  the  endosteum  of  the  labyrinth,  especially  in  the 
region  of  the  three  semicircular  canals  (Fig.  37,  38,  and  44). 
The  bone  which  is  being  eaten  away  stains  very  deeply  with 
basic  stains  (Fig.  33,  48  and  50),  e.  g.  baemalum  or  haema- 
toxylin.  The  alteration  in  the  staining  reaction  of  the  bone 
appears  to  be  due  to  toxic  influence.  In  the  anterior  margin  of 
the  oval  window  the  changes  in  the  bone  resemble  those  seen  in 
otosclerosis.     (Fig.  43  and  46). 

VII.  Filling  up  of   the  perilymph  space  of   the  canals 
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(Fig.  31,  32,  Z7 ,  38,  41  and  44),  especially  at  their  convexities 
by  granulation  tissue  which  contains  giant  cells.  This  process 
has  resulted  in  compression  or  obliteration  of  the  endolymph 
space  in  these  regions  (Fig.  31,  41  and  42). 

VIII.  Obstruction  of  the  endolymphatic  acqueduct  as  it 
passes  through  the  bone  to  the  posterior  cranial  fossa.  There 
is  a  catarrhal  swelling  of  the  lining  membrane  of  the  duct  (Fig. 
47  and  50). 

IX.  Great  dilatation  of  the  membranous  labyrinth, 
especially  of  the  utricle,  saccule,  vestibular  end  of  the  endo- 
lymphatic duct  (Fig.  40  and  50),  and  of  the  ductus  reuniens. 
The  basal  and  middle  coils  of  the  cochlea  are  also  dilated  (Fig. 
ZZ,  34  and  43). 

X.  Formation  of  new  connective  tissue  in  the  scala  tym- 
pani  just  above  the  round  window  (Fig.  42,  43  and  49),  and  to 
a  less  extent  in  the  scala  tympani  of  the  basal  and  middle  coils 
of  the  cochlea.  Oiii  the  right  side  the  cochlear  opening  of  the 
peri-lymphatic  aqueduct  appears  to  be  blocked  (Fig.  49),  but 
on  the  left  side  it  is  patent. 

XL  Secondary  degenerative  neuritis  of  the  nerve  struc- 
tures of  the  membranous  labyrinth  (Fig.  33,  34  and  35).  This 
is  especially  marked  in  the  basal  and  apical  coils  of  the  cochlea, 
but  less  marked  in  the  middle  coil.  The  neuro-epithelium  of 
the  saccule,  utricle,  and  ampullae  of  the  canals  (Fig.  36  and  38), 
has  not  suffered  to  the  same  extent  as  that  of  the  cochlea.  The 
cochlear  ganglion  (Fig.  35),  shows  atrophy  of  \}m.  cells  in  all 
coils,  especially  in  the  'basal  coil,  but  the  vestibular  ganglion 
shows  less  marked  changes.  The  facial  nerve  appears  healthy 
throughout,  while  any  changes  present  in  the  stem  of  the  cochlear 
and  vestibular  nerves  are  very  slight. 

XII.  Slight  small  cell  infiltration  within  the  arachnoid 
sheath  at  the  fundus  of  the  internal  auditory  meatus  (men- 
ingitis) ;  this  appearance  is  only  seen  in  the  area  where  the 
marrow  changes  penetrate  the  dural  and  arachnoid  sheaths  of 
the  nerves. 

Beck  has  taken  a  sterio-radiogram  of  the  ear  in  a  case  of 
active  syphilitic  labyrinthitis,  and  found  a  large  area  of  rare- 
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faction  in  the  labyrinth  capsule.  Beck  held  that  this  appearance 
was  due  to  a  syphilitic  osteo-porosis. 

Hennebert  was  the  first  to  call  atterrtion  to  the  presence  of 
"compression"  nystagmus  in  some  cases  of  congenital  syphilitic 
disease  of  the  ear.  In  these  cases  the  rotation  reaction  is  always 
absent,  while  the  caloric  reaction  is  reduced.  Alexander  thinks 
that  Hennebert's  sign  is  due  to  a  change  in  the  nerve  endings, 
while  Barany  holds  that  it  is  due  to  excessive  mobility 
of  the  stapes.  The  findings  in  the  case  of  congenital 
syphilitic  deafness  described  above  point  to  another  explanation, 
namely,  that  the  bony  wall  of  the  external  canal  may  be  eroded 
by  inflammatory  changes  in  the  marrow,  and  that  the  hollow 
space  of  the  membranous  canal  may  be  occluded  by  syphilitic 
granulation  tissue  in  the  perilym'ph  space,  so  that  the  rotation 
reaction  cannot  be  produced.  The  vertical  canals  may  also  be 
affected,  so  that  the  caloric  reaction  is  feeble  or  absent.  The 
more  powerful  pneumatic  test  is,  however,  able  to  bring  about 
an  abnormal  (reversed)  fistula  symptom. 

Walker  Downie's  classical  case  appears  to  support  the  view 
of  the  pathology  of  congenital  syphilitic  deafness  put  forward 
in  this  paper.  Downie's  patient  became  deaf  at  the  age  of 
eleven  years,  the  deafness  being  accompanied  by  severe  pain 
in  both  ears.  Otoscopy  showed  the  drumheads  to  be  indrawn 
and  opaque.  The  patient  died  from  meningoencephalitis  re- 
sulting from  a  f ungating  gumma  of  the  right  parietal  bone.  The 
stapes  was  ankylosed  in  the  oval  window.  The  semi-circular 
canals  were  obliterated,  and  the  vestibule  largely  filled  up  by 
new  bone  formation.  The  modiolus  was  thickened.  These 
findings  correspond  with  a  stage  of  sclerosis  and  ossification 
following  an  attack  of  panlabyrinthitis,  secondary  to  otitis 
media. 

The  writer  wishes  to  acknowledge  his  indebtedness  to  the 
Carnegie  Trust  for  their  kindness  in  providing  the  illustrations 
which  accompany  this  paper. 

Discussion. 

Dr.  M.  A.  Goldstein,  St.  Louis,  Mo.      I  have  studied  the, 
literature  on  congenital  deafness  for  many  years,  but  I  know 
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of  no  occasion  where  an  exposition  as  classic,  as  complete  and 
as  logical  in  form  has  been  offered  as  was  this  excellent  demon- 
stration of  Dr.  Fraser's. 

The  most  important  application  of  all  serious  laboratory 
and  scientific  research  in  the  study  of  congenital  deafness 
and  acquired  deafness  in  the  young  is  in  the  development  of 
improved  methods  of  education  of  this  large  class  of  the  handi- 
capped child.  Dr.  Fraser's  investigations  will  corroborate  the 
observation  that  nearly  all  cases  classified  as  congenitally  deaf 
retain  some  remnants  of  hearing.  It  is  this  question  which  has 
seriously  interested  me  and  which  I  especially  desire  to 
emphasize.  Over  thirty  percent  of  all  children  in  schools  for 
the  deaf  throughout  the  United  States  have  residual  hearing. 
This  residual  hearing  varies  in  amount  from  ability  simply  to 
hear  a  musical  sound  of  fairly  loud  volume  to  hearing  for  the 
human  voice  in  ordinary  conversational  tone.  Where  residual 
hearing  is  present,  painstaking  functional  tests  can  be  made  and 
the  degree  and  amount  of  hearing  can  be  determined.  All 
children  who  are  able  to  hear  conversational  voice  even  at  very 
close  range  should  be  given  the  opportunity  of  training  by  what 
I  have  termed  the  Acoustic  Method.  By  the  Acoustic  Method 
the  musical  scale  as  given  by  various  instruments  such  as  the 
piano,  harmonium,  organ  and  the  /human  voice  should  be 
utilized.  The  deaf  child  is  being  taught  lip-reading  and  is  being 
trained'  to  speak  fluently  but  mechanically  in  many  schools  for 
the  deaf  by  what  is  termed  the  Oral  Method.  Where  hearing 
possibilities  exist,  however,  and  where  such  possibilities  are 
susceptible  to  stimulation  and  improvement,  it  will  be  found 
more  effective  to  teach  such  a  child  directly  through  the  ear 
by  the  Acoustic  Method. 

Tone  islands  offer  to  the  otologist  a  very  interesting  re- 
search problem.  We  have  shown  the  PossiWlities  of  education 
and  re-education  by  the  Acoustic  Method  in  a  large  group  of 
cases  at  Central  Institute  for  the  Deaf.  A  child  who  begins 
Acoustic  Training  with  a  number  of  gaps  in  his  tone  scale  may 
eventually  be  trained  to  hearing  the  entire  tone  scale  and  by 
systematic  acoustic  exercises  ehminate  the  tone  gaps  originally 
present. 
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Bezold  claimed  that  if,  a  deaf  child  could  hear  the  tuning 
forks  from  G^  to  B^  (the  Bezold  sixth)  indicating  that  the 
middle  whorl  of  the  cochlea  still  functions,  that  the  human 
voice  could  then  be  used  in  the  training  of  this  child.  In  our 
work  at  Central  Institute  we  use  the  accordian  or  harmonium 
instead  of  the  tuning  forks  for  we  find  that  a  greater  volume  of 
tone  may  be  produced  from  these  reeds  than  from  tuning  forks 
and  we  establish  even  a  more  severe  standard  to  begin  our 
voice  training.  We  begin  with  the  voice  only  after  a  child  has 
demonstrated  its  hearing  ability  for  two  full  octaves  of  the 
middle  scale  from  big  C  to  C^  (from  128  to  512  d.  v.). 

We  urge  that  children  begin  training  as  early  as  possible, 
preferably  at  three  years  of  age.  The  years  from  three  to  six 
are  especially  susceptible  even  to  mechanical  speech  training 
and  much  can  be  accomplished  with  these  young  children.  It 
is  a  tremendous  asset  to  have  these  three  years  of  training  at  the 
tender  period  where  speech  development  is  so  active  even  in 
normal  children  and  where  the  speech  mechanism,  the  muscles 
of  the  larynx  and  the  remnants  of  auditory  nerve  tissue  have 
not  yet  atrophied. 

Dr.  Edward  B.  Dench,  I  would  like  to  ask  Dr.  Fraser 
if  there  is  any  particular  significance  in  the  absence  of  the 
artery  of  the  basilar  membran^e  in  congenital  deafness  with 
malformations  of  the  labyrinth.  The  artery  was  not  shown 
so  that  it  was  absolute  in  this  case.  I  am  not  competent  to 
discuss  Dr.  FraSer's  paper  but  should  like  to  say  that  I  admire 
the  wonderful   sections. 

In  regard  to  Dr.  Goldstein's  paper  it  seemed  to  me  that 
one  point  of  difi^erentiation  between  end  organ  lesions  and 
nerve  trunk  deafness  is  that  in  end  deafness  bone  condition 
is  absolutely  lost,  but  in  nerve  deafness  it  is  not  absolutely  lost. 
The  same  appliies  to  the  cortical  center  and  in  acustic  tumors, 
bone  conduction  is  preserved  but  reduced.  In  to^c  nerve 
deafness  from  exoessivfe;  use  of  tobacco,  bone  conduction  is 
diminished  but  not  lost.  In  regard  to  the  tuning  fork  tests  in 
acute  inflammatory  conditions  of  the  middle  ear,  when  there 
is  lateralization  of  the  fork  to  the  healthy  side,  this  is  not  con- 
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vincing.  sometimss  patients  make  a  mistake.  A  low  pitched 
fork  256  d.  v.  should  be  used  rather  than  the  512  fork.  If 
the  patient  has  a  middle  ear  lesion  and  you  strike  the  fork 
hard  and  put  it  on  the  vertex,  the  patient  will  hear  the  512  fork 
through  the  air  and  will  consequently  refer  it  to  the  good  ear. 
We  must  be  careful  to  avoid  this  error. 

Dr.  Shambaugh,  Chicago,  111. :  I  think  the  trip  to  At- 
lantic City  to  hear  these  two  papers  alone  is  well  worth 
while.  There  can  be  no  doubt  in  anyone's  mind  after  see- 
ing Dr.  Eraser's  demonstration  of  the  pathology  of  con- 
genital deafness  regarding  any  proposition  for  treatment. 
I  hope  the  time  is  not  far  distant  when  the  otologists  of  this 
country  wall  have  a  definite  and  concrete  appreciation  of 
those  changes  which  take  place  in  nerve  deafness  and  in 
genuine  otosclerosis.  When  this  time  comes  there  will  be 
no  confusion,  at  least  among  otologists,  regarding  x-ray 
and  other  fantastic  methods  of  treatment.  For  these 
changes,  both  in  nerve  deafness  and  in  genuine  otosclero- 
sis, are  as  permanent  in  character  as  are  those  in  congen- 
ital deafnesss  and,  of  course,  cannot  be  improved  by  treat- 
ment. I  am  firmly  convinced  that  there  is  no  insurmount- 
able difficulty  in  diagnosing  these  cases  from  those  where 
there  still  exists  the  possibility  of  some  improvement  by 
treatment. 

Dr.  Sargent  F.  Snow,  Syracuse,  N.  Y. :  One  point  on 
prognosis  that  Dr.  Shambaugh  mentioned  does  not  strike 
me  exactly  in  the  line  of  my  experience.  We  all  meet  these 
cases  that  seem  almost  impossible  to  help,  but  still  some- 
times our  conscience  allows  us  to  make  an  effort  to  recover 
part  of  the  hearing.  I  have  often  been  surprised  at  the  abil- 
ity of  nature  to  reproduce  a  certain  amount  of  hearing 
even  with  marked  nerve  involvement  so  that  I  felt  that 
if  I  had  discouraged  that  particular  patient  I  should  have 
been  much  in  the  w^rong.  A  fundamental  effort  of  treat- 
ment where  there  seems  any  hope  is  to  so  correct  intra- 
nasal deformities  and  overgrowth  that  the  normal  current 
of  transpired  air  shall  pass  over  the  orifice  of  each  Eus- 
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tachian  tube  giving  the  middle  ear  what  is  practically  a 
stimulating  treatment  with  every  breath  the  patient  draws. 
Another  point  Otologists  should  keep  in  mind  is  that  many 
of  these  patients  are  subject  to  toxic  disturbances  and  a 
close  study  of  their  bowel  and  diet  habits  will  reinforce 
other  efforts  at  treatment. 

I  wish  to  congratulate  and  thank  the  readers  of  these 
classical  papers. 

Dr.  J.  K.  M.  Dickie,  Ottawa,  Canada, :  I  would  like  to 
ask  whether  Dr.  Eraser  had  opportunity  of  doing  any  tests 
in  these  congenital  cases  before  he  got  the  specimens.  I 
wonder  if  in  some  of  the  end  organs  that  were  destroyed 
whether  there  was  any  response  at  all  on  testing,  I  had  a 
case  of  labyrinthitis  on  which  I  did  a  labyrinth  operation 
(not  the  Neumann  type).  I  removed  cochlea,  vestibule 
and  semicircular  canals ;  I  saw  the  case  a  year  later  and 
she  complained  of  dizziness.  When  I  touched  the  region 
of  the  ampulla  she  said  she  was  dizzy  and  there  was  a 
sucking  sound  if  I  touched  where  the  cochlea  had  been. 
Evidently  the  nerve  endings  were  not  destroyed.  In  regard 
to  Dr.  Goldstein's  paper,  I  had  no  idea  that  residual  hearing 
could  be  used  to  such  an  extent.  I  had  always  regarded 
tone  islands  as  an  academic  curiosity  rather  than  of  prac- 
tical value.  I  think  Dr.  Goldstein  deserves  great  credit 
for  all  the  work  he  has  done. 

Dr.  Wendell  C.  Phillips,  New  York :  I  shall  speak  of  but 
one  phase  of  the  paper  presented  by  Dr.  Goldstein.  I  have 
seen  several  instances  in  which  there  was  considerable 
hearing  and  yet  for  some  unaccountable  reason  these 
children  were  kept  in  institutions  for  the  deaf  in  which  they 
were  taught  speech  by  lip  reading  methods  only.  I  hope 
they  are  never  taught  sign  language  any  more.  In  one 
case,  a  boy,  24  years  old,  who  had  been  completely  educated 
on  the  supposition  that  he  had  no  hearing.  He  was  a  won- 
derful lip  reader.  One  day  he  told  his  mother  when  going 
through  a  subterranean  passage  that  he  heard  steps.  To 
test  this  I  got  up  close  to  him  and  yelled  into  his  ear  and 
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he  could  hear  with  the  right  ear.  In  a  few  months  I  taught 
him  to  repeat  the  word  "Mama"  but  he  could  not  possibly 
associate  the  word  Mama  I  taught  him  with  the  Mama 
he  knew  and  could  repeat  by  lip  reading.  I  consider  it  a 
crime  to  teach  them  to  talk  by  lip  reading  methods  when 
they  can  be  educated  by  hearing  methods.  I  never  fail  to 
make  sure  of  this  one  thing  before  sending  a  child  to  an 
institution  to  be  taught  by  non  hearing  methods. 

Dr.  Friedenwald  said :  I  would  like  to  ask  a  question 
which  may  appear  rather  naive.  What  is  the  conception 
of  "reeducation  of  hearing?"  What  is  the  idea  of  the  pro- 
cess that  occurs  in  the  improvement  of  hearing.  Is  it 
brought  about  by  concentration  and  attention  given  to 
hearing  or  is  it  an  actual  improvement  in  the  function  of 
certain  nerve  fibers  such  as  is  comparable  with  the  improve- 
ment of  vision  in  amblyopia.  Can  we  call  this  condition 
"Amblycousis"? 

Dr.  Thos.  J.  Harris,  New  York  City, :  I  want  to  add 
my  deep  appreciation  to  what  has  already  been  expressed 
to  Dr.  Fraser  for  what  he  has  contributed  to  positive 
knowledge  at  our  meeting  this  morning.  This  is  in  line  with 
the  orginal  work  we  had  last  year  at  Washington.  I  also 
want  to  thank  Dr.  Goldstein  for  his  classification  of  ths 
subject.  One  point  is  remarkable,  namely,  the  early  age 
at  which  he  is  taking  these  children.  This  is  a  very  great 
advance  in  recent  years  and  one  of  which  we  must  heartily 
approve.  I  saw  a  little  girl  four  years  old.  It  was  a  great 
problem  what  to  do  with  that  child.  A  private  school  did 
not  want  to  accept  the  child  because  it  had  not  been  done 
at  so  early  an  age  before.  The  child  was  the  youngest 
they  had  taken.  However,  they  accepted  her,  and  the  re- 
sults were  very  remarkable,  and  quite  confirmed  the  wis- 
dom of  beginning  the  training  as  early  as  the  children 
could  be  obtained. 

Dr.  Dunbar  Roy,  Atlanta,  Ga. :  I  would  like  to  ask  if 
the  members   have  had  any  experience  of  the  oculo-pal- 
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pebral  reflex  in  infants.  Dr.  Demetriades  of  Athens, 
Greece,  who  worked  in  Alexander's  clinic  in  Vienna  stated 
that  one  can  determine  whether  infants  hear  or  not,  by 
the  oculopalpebral  reflex.  I  would  like  to  know  if  Dr. 
Goldstein,  or  Dr.  Fraser  had  used  this  sign  in  testing,  and 
if  so,  what  had  been  the  result. 

Dr.  M.  A.  Goldstein  (closing)  said:  Dr.  Fraser's  presen- 
tion  of  an  unusual  collection  of  interesting  specimens  seems  to 
me  to  offer  additional  support  to  the  Sharobaugh  theory  of  the 
participation  of  the  membrana  tectoria  as  a  functioning  element 
in  the  organ  of  Corti.  In  most  of  the  specimens  thrown  on  the 
screen  either  illustrative  of  the  congenital  or  of  the  acquired 
type  of  profound  deafness  there  seems  to  be  rather  a  constant 
association  with  a  pathological  involvement  of  the  membrana 
tectoria.  It  is  shown  either  involved  in  abnormal  position  or 
drawn  away  rather  markedly  from  Reissner's  membrane.  The 
membrana  basillaris  does  not  show  similar  serious  pathological 
change. 

In  any  pathology  of  an  organ  the  areas  most  frequently 
involved  are  usually  those  of  the  most  active  and  functioning 
part  of  the  organ.  Is  it  possible,  therefore,  that  the  membrana 
tectoria  is  the  most  actively  functioning  part  of  Corti's  organ? 
Seemingly  it  is  more  frequently  and  more  definitely  involved 
in  the  interesting  series  of  specimens  of  this  group  as  demon- 
strated by  Dr.  Fraser. 

One  of  the  extreme  difficulties  we  have  in  this  country  to 
study  this  question  consists  of  the  handicaps  in  securing  patho- 
logical and  postmortem  material.  The  only  effective  and  definite 
study  that  has  a  real  scientific  value  to  us  is  in  recording  careful 
clinical  examinations  and  functional  tests  of  hearing  of  these 
patients  antemortem  and  in  securing  the  fresh  temporal  bone 
and  oto-neurologic  tissue  at  postmortem.  In  this  way  and  in 
this  way  only  the  end-organ  and  also  the  cortical  center  involved 
in  speech  and  hearing  organs  can  be  studied  in  the  laboratory 
and  with  the  microscope. 

Dr.  G.  E.  Shambaugh,  In  regard  to  the  tectorial  mem- 
brane, the  crux  is  the  stimulation  of  the  hair  cells  by  contact 
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between  the  two,  and  if  this  is  pulled  away  it  does  not  prove 
that  the  tectorial  membrane  is  not  the  vibrating  structure. 

Dr.  M.  A.  Goldstein,  Where  the  membrana  tectoria  has 
been  pulled  away  apparently  the  physiological  elements  in  the 
organ  of  Cbrti  still  remain  intact. 

Dr.  Thomas  J.  Harris,  New  York  City :  I  would  like 
Dr.  Fraser  to  answer  one  or  two  elementary  questions. 
How  would  he  classify  otologically  a  child  that  comes  into 
the  school  for  the  deaf,  so  far  as  the  primary  cause  of  the 
labyrinth  lesion  is  concerned:  what  percentage  of  cases 
is  luetic,  what  percentage  are  under  his  classification  of 
cengenital  and  what  percentage  is  due  to  meningitis. 

Dr.  J.  S.  Fraser  (closing)  said :  I  am  much  obliged  for 
your  kind  expressions  of  opinion  and  for  the  way  in  which 
you  have  received  my  demonstration.  I  notice  that  our 
President  is  pessimistic  in  regard  to  otosclerosis.  The  ob- 
ject of  my  visit  to  this  country  is  to  point  out  that  we 
should  not,  as  otologists,  take  this  matter  of  otosclerosis, 
"lying  down."  We  should  try  to  institute  a  combined  in- 
vestigation into  otosclerosis.  This  country  is  the  home  of 
team  work  in  dealing  with  the  individual  case  ;  why  not  have 
an  international  team  in  investigating  otosclerosis?  Each 
man  has  different  qualities ;  some  men  are  clinicians,  others 
are  prepared  to  do  original  work  in  the  laboratory.  Cer- 
tain investigations  might  take  up  the  question  of  heredity. 
If  an  otosclerotic  man  marries  a  woman  with  perfect  hear- 
ing and  without  any  history  of  deafness  in  her  family  do  any 
of  their  children  develop  otosclerosis  or  are  they  all  normal 
hearing  children?  Follow  up  work  can  be  done  to 
see  the  results  of  such  marriages.  It  is  time  we  investiga- 
ted the  subject  of  progressive  deafness.  It  seems  likely 
that  there  is  no  great  difference  between  otosclerosis  and 
progressive   nerve    deafness. 

Dr.  Dench  asked  about  the  artery  below  the  basilar 
membrane.  I  have  never  attributed  great  importance  to 
this  artery.     I  do  not  see  why  it  should  prevent  Corti's 
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organ  being  the  important  part  of  the  inner  ear  as  regards 
hearing.  In  regard  to  the  membrana  tectoria  and  the  hair 
cells  of  the  organ  or  Corti,  I  agree  that  the  stimulus  arises 
between  the  two.  If  they  are  separated  it  does  not  matter 
which  is  at  fault.  If  the  membrana  tectoria  is  separated 
from  the  acoustic  papilla  the  patient  cannot  hear,  or  at 
least  a  tremendous  stimulus  would  be  necessary.  In  answer 
to  Dr.  Snow  I  do  not  see  what  good  an  operation  on  the 
nose  can  do  if  the  tube  is  open  and  the  drumhead  normal. 
I  have  not  studied  the  oculo  palpebral  reflex  in  infants  but 
I  think  that  it  is  important  in  hysterical  cases.  Dr.  Phillips 
spoke  of  a  patient  with  remnants  of  hearing.  One  of  the 
children  at  the  deaf  mute  school  could  hear  an  airplane  be- 
fore any  of  the  other  children.  He  could  also  hear  the  C  32 
fork.  The  tone  of  the  fork  is  much  like  the  drone  of  the 
airplane.  This  child  appears  to  have  a  definite  island  of 
hearing  which  was  however  below  the  usual  speech  range. 
Dr,  Dickie  asked  me  about  the  clinical  examination  in  one 
congenital  or  developmental  case  I  showed.  That  deaf 
mute  was  not  entirely  deaf.  He  could  hear  the  C  128  in  the 
right  ear  and  the  C,256  by  both  ears.  The  tone  of  the  fork 
was  correctly  imitated  by  the  boy.  The  teachers  did  not 
regard  the  child  as  totally  deaf.  Both  labyrinths  responded 
to  the  caloric  test. 

In  regard  to  getting  clinical  and  pathological  material 
we  can  go  to  such  places  as  tuberculosis  sanitoria,  or 
poor  houses  and  examine  patients  who  may  come  to  au- 
topsy. I  have  also  asked  my  medical  and  surgical  col- 
leagues in  the  Royal  Infimary,  Edinburgh,  to  let  me  know 
about  any  cases  of  deafness  which  were  likely  to  come  to 
post  mortem.  When  they  do  so  I  go  over  to  their  wards 
and  examine  the  cases  to  ascertain  the  clinical  side  of  the 
picture.  In  regard  to  the  pathological  classification  of  deaf 
mutes  asked  for  by  Dr.  Harris,  it  is  a  50-50  division.  It  may  be 
said  that  roughly  half  the  cases  of  deaf  mutism  in  an  insti- 
tution are  due  to  congenital  mal-development  and  half  to 
acquired    conditions,    i.    e.    caused    by    otitis    media    and 
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meningitis  or  to  congenital  syphilis.  In  Edinburgh  we 
rarely  have  examples  of  cretinic  deafness.  In  Switzerland 
there  is  a  large  amount  of  endemic  or  cretinic  deafness. 
Some  years  ago  after  the  epidemic  of  cerebro-spinal  menin- 
gitis which  occurred  in  1906  and  1907  there  were  a  large 
number  of  deaf  mutes  who  owed  their  deafness  to  that 
trouble.  These  cases  have  now  almost  passed  out  of  the 
deaf  mute  schools.  Congenital  syphilitic  deaf  mutism  aver- 
ages about  5  per  cent.  A  few  cases  are  due  to  mumps  or  to 
fracture  of  the  cranial  base.  Most  of  the  other  acquired 
cases  were  due  to  middle  ear  suppuration  which  had  broken 
through  the  oval  or  round  windows  and  given  rise  to 
labyrinthitis. 

Dr.  M.  A.  Goldstein  (closing)  said :  The  psychology  of 
the  deaf  child  is  but  little  understood,  the  ocular  palpebral  reflex 
is  not  always  present  when  testing  for  deafness  and  must  not 
be  considered  as  an  infallible  test.  The  young  deaf  child  is 
often  unable  to  distinguish  between  sound  impression  and  tactile 
impression.  Clapping  of  the  hands  is  not  an  accurate  test  of 
actual  hearing.  Hearing  of  noise  is  a  diflFerent  physiological 
act  from  hearing  voice  or  musical  tones. 

To  determine  the  actual  auditory  status  of  a  young  child 
(two  to  four  years  old)  is  often  difficult.  The  parent  submits 
the  child  to  the  otologist  for  an  opinion  and  wants  to  know 
whether  the  child  is  deaf.  The  usual  methods  of  testing  fre- 
quently fail  in  these  cases.  The  very  deaf  young  child  where 
deafness  affects  the  perceptive  apparatus  is  unable  to  answer 
intelligently  whether  he  hears  a  tuning  fork  or  not.  In  some 
instances  the  feeling  of  the  flutter'  of  the  fork  close  to  the  ear 
or  even  the  transmission  of  the  vibration  of  the  fork  by  bone 
conduction  may  be  interpreted  by  thd  child  as  hearing;  this  of 
course  would  promptly  lead  to  error  in  functional  diagnosis. 

The  Weber  test  as  referred  to  by  Dr.  Dencb  in  one-sided 
deafness  corroborates  the  findings  with  Rinne  and  other  test 
mediums ;  in  bilateral  deafness  the  Weber  test  has  no  value. 

Dr.  Dickie  refers  to  segments  in  the  end-organ  that  may  stih 
function.     This  has  been  an  important  phase  of  the  work  and 
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observation  in  which  I  have  been  engaged  for  years.  It  in- 
here that  we  come  in  contact  with  the  problem  of  tone  islands, 
there  scientific  consideration  and  pedagogic  re-education. 

Is  it  possible  that  sound  impressions  reach  the  cortex  by 
some  other  structures  than  that  of  the  selected  machinery  of  the 
organ  of  Corti  ?  "Re-education"  is  a  poorly  selected  word ;  it 
might  more  accurately  be  called  "education." 

In  the  case  of  the  deaf  child  where  tone  islands  are  present 
it  is  possible  that  the  still  functioning  segments  in  the  organ  of 
Corti  communicate  by  some  collateral  tracts  with  the  auditory 
center  in  the  cortex.  In  the  Acoustic  Method  of  training  the 
deaf  child,  as  I  have  set  forth,  are  we  educating  an  auditorv 
center  in  the  cortex  to  greater  hearing  possibilities  or  are  we 
stimulating  collateral  tracts  and  pathways  from  still  active 
segments  in  Corti's  organ  to  new  function? 

In  some  of  the  reconstruction  work  at  Central  Institute  tor 
the  Deaf  following  cranial  injuries  about  the  auditory  and 
speech  centers  did  we  restimulate  the  cortical  centers  on  the 
opposite  side? 

Dr.  Phillips  reports  the  case  of  a  young  man  who  showed 
hearing  perception  when  first  carefully  examined  at  twenty- 
three  years  of  age.  It  is  to  be  regretted  that  more  cannot  be 
done  for  this  class  of  cases  where  some  practical  hearing  is 
discovered  after  adolescence,  for,  by  even  the  most  progressive 
methods  of  speech  training,  normal  fluency,  quality  and  inflec- 
tion in  language  is  almost  impossible  for  there  is  so  much 
atrophy  of  unused  muscles  and  organs  about  the  speech  mechan- 
ii^m  after  the  tenth  or  twelfth  year  of  age  that  the  stififness  of 
such  groups  of  muscles  must  remain  a  permanent  handicap  to 
successful  training.  Those  of  us  who  are  partically  engaged 
in  the  training  an4  development  of  the  deaf  child  urge  the 
necessity  of  begining  active  training  at  as  early  a  period  as 
possible.  At  Central  Institute  for  the  Deaf,  deaf  children  are 
accepted  for  education  at  three  years  of  age  and  even  under. 

An  interesting  observation  that  has  often  occurred  to  me 
and  that  has  been  emphasized  by  Dr.  Eraser's  beautiful  demon- 
stration of  the  pathology  of  deafness  as  presented  in  the  laby- 
rinth is  this:     Why  do  we  have  supreme  deafness  resulting 
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from  meningitis;  why  is  the  auditory  nerve  involved  so  much 
more  frequently  than  the  other  cranial  nerves  in  these  cases 
of  meningitis?  One  topographical  explanation  is  that  the  men- 
ingeal focus  is  usually  below  the  tentorium  and  that  the  optic 
and  olfactory  nerves  escape  invasion  more  frequently  because 
of  their  position.  Another  possible  explanation  is  that  the 
physical  substance  of  the  acousticus  has  less  resistance  than 
the  other  cranial  nerves.  The  older  anatomists  referred  to  the 
acousticus  as  the  portia  mollis,  evidently  applying  their  descrip- 
tion to  the  difference  found  in  the  soft  character  of  the  nerve. 

Dr.  G.  E.  Shambaugh  said :  One  thing  should  be  clear 
to  all  otologists,  that  is  this,  that  when  he  has  made  a  diag- 
nosis of  incurable  deafness  his  duty  toward  that  case  has 
not  ceased.  He  must  be  prepared  in  the  case  of  a  child  to 
give  proper  advice  as  to  the  methods  of  education.  If  it  is 
an  adult  patient,  he  should  be  prepared  to  assist  the  patient 
in  solving  such  problems  as  present  themselves.  Dr.  Wen- 
dell Phillips  was  a  pioneer  in  this  work  of  solving  the 
social  problems  which  is  accomplished  through  the  agency 
of  the  League  for  the  Hard  of  Hearng. 


ti?a:n^saction^s 


OF   THE 


[RICAN  OlOLOGICAL  SOGIEH 


FIFTY- SEVENTH  ANNUAL  MEETING 


OCEAN    HOUSE 


SWAMPSCOTT,     MASS. 


JUNE  4,    5   and    6,    1924 


VOLUME  XVI.       PART  111. 


PUBLISHED   BY   THE  SOCIETY 
GEO.  H.  REYNOLDS.  PRINTING 

MEW  BEDFORD,  MASS 

1934 


{A 


/.,    '. 


Extra  copies  may  be  had  by  addressing  the  secretary,  Dr 
Tlionias  J.  Harris,  104  East  40th  Street,  New  York  City,  or  George 
H.  Reynolds,  Printing.  Corner  William  and  North  Second  Streets. 
New  Bedford,  Mass. 


rr.  \  . 


''^^nw^vw'^"^^'' 


CONTENTS 


Officers  of  the  American  Otological  Society 577 

Members  of  the  American  Otological   So'ciety 583 

^linutes  of  the  Fifty-seventh  Annual  Meeting 587 

President's  Address.  By  John  B.  Rae,  M.  D..  New  York  City...  597 
Conservative    Treatment    of    the    Chronic    Suppurative    Ear.      By 

William  Henry  Haskin,  M.  D.,  New  York  City 601 

The  Operative  Treatment  of  Chronic  Otorrhea.     By  John  Randolph 

Page.   M.   D..    New   York   City 618 

Discussion 629 

The   Ether   Treatment   of   Chronic   Suppurative   Otitis   Media.      By 

Thomas    Hubbard,    M.    D..    Toledo,    Ohio 647 

Discussion    651 

Contributions  of  the  Physicist  to  the  Science  of  Otology.     By  Prof. 

Dayton   C.   Miller,   Cleveland,    Ohio 653 

Discussion    656 

Dynamics  of  the  Cochlea.     By  Edmund  Prince  Fowler,  M.  D.,  New 

York   City 661 

Discussion    681 

A   Study  with  the  Webster   Phonometer  of  the  Sound  Emitted  by 

Dififerent    Parts    of    the    Tuning    Fork    Prongs.      By    Robert 

Sonnenschein.   M.   D.,   Chicago,   111 690 

Discussion    704 

Some    Points    in    the    Operative    Surgery    of    the    Mastoid    Which 

Assure  the  Quickest    Possible   Time  in   Healing.     By  John  F. 

Barnhill.  M.   D.,   Indianapolis,  Ind 708 

Discussion    716 

A  Case  of  Acute  Mastoiditis   Complicated  by  Hysterical   Deafness 

and   Abnormal    Reactions.      By    T.   L.    Saunders,    M.    D.,    New 

York   City ' 752 

Discussion    755 

Primary  Epithelioma  of  the  Middle  Ear.     Hy  J.  M.  Ingersoll,  M.  D., 

Cleveland,  Ohio.,  and  E.  W.  Garrett,  M.  D.,  Medical  Dept.  of 

Western   Reserve   University,   Cleveland,   Ohio 757 

Discussion    761 


i'^"? 


OFFICERS      OF      THE      AMERICAN      OTO  LOGICAL 

SOCIETY. 


1868-69— Dr.  Williams,  Chairman- 

Dr.  C.  E.  Ryder,  Secretary. 
1870— Dr.  H.  D.  Xoyes,  President. 

Dr.  E.  L.  Holmes,  Vice-President. 

Dr.  C.  E.  Ryder,  Secretary. 
1871— Dr.  H-  D.  Xoyes,  President. 

Dr.  E.  L.  Holmes,  Vice-President. 

Dr.  J.  O.  Green.  Secretary-Treasurer. 
1872— Dr.  H.  D.  Xoyes.  President. 

Dr.  E.  L.  Holmes,  Vice-President. 

Dr.  J.  O.  Green.  Secretary-Treasurer. 
1873— Dr.  H.  D.  Xoyes,  President. 

Dr.  E.  L.  Holmes,  Vice-President. 

Dr.  J.  O.  Green.  Secretary-Treasurer. 

1874— Dr.  D.  B.  St.  John  Roosa.  President. 

Dr.  C.  J.  Blake.  Vice-President. 

Dr.  J.  O.  Green.  Secretary-Treasurer. 
1875— Dr.  D.  B.  St.  John  Roosa,  President. 

Dr.  C.  J.  Blake,  Vice-President. 

Dr.  J.  O.  Green.  Secretary-Treasurer. 
1876— Dr.  D.  B.  St.  John  Roosa.  President. 

Dr.  C.  J.  Blake.  Vice-President. 

Dr.  J.  O.  Green,  Secretary -Treasurer. 

1877— Dr.  C.  J.  Blake.  President. 

Dr.  A.  H.  Buck.  Vice-President. 

Dr.  J.  O.  Green.  Secretary-Treasurer. 

1878 — Officers  as  above,  but  no  meetin.ir  held. 
1870— Dr.  A.  H.  Buck.  President. 

Dr.  C.  H.  Burnett,  Vice-President. 

Dr.  J.  O.  Green.  Secretary-Treasurer. 


578  OFFICERS. 

1880— Dr.  A.  H.  Buck,  President 

Dr.  C.  H.  Burnett,  Vice-President. 

Dr.  J.  J.  B.  Vermyne,  Secretary-Treasurer. 
1881— Dr.  J.  O.  Green,  President. 

Dr.  J.  S.  Prout,  Vice-President. 

Dr.  J.  J.  B.  Vermyne,  Secretary-Treasurer. 
1882— Dr.  J.  O.  Green,  President. 

Dr.  J.  S.  Prout,  Vice-President. 

Dr.  J.  J.  B.  Verm3ne,  Secretary-Treasurer. 
188.S— Dr.  J.  O.  Green,  President. 

Dr.  J.  S.  Prout,  Vice-President. 

Dr.  J.  J.  B.  Vermyne,  Secretary-Treasurer, 
1884— Dr.  C.  H.  Burnett,  President. 

Dr.  J.  S.  Prout,  Vice-President. 

Dr.  J.  J.  B.  Vermyne,  Secretary-Treasurer. 
1885— Dr.  C.  H.  Burnett,  President. 

Dr.  J.  S.  Prout,  Vice-President. 

Dr.  J.  J.  B.  Vermyne,  Secretary-Treasurer., 
1886— Dr.  J.  S.  Prout,  President. 

Dr.  S.  Sexton,  Vice-President. 

Dr.  J.  J.  B.  Vermyne,  Secretar3--Treasurer. 
1887— Dr.  J.  S.  Prout,  President. 

Dr.  S.  Sexton,  Vice-President. 

Dr.  J.  J.  B.  Vermyne,  Secretary-Treasurer, 
1888— Dr.  J.  S.  Prout,  President. 

Dr.  George  C.  Harlan,  Vice-President. 

Dr.  J.  J.  B.  Vermyne,  Secretary-Treasurer. 
1889— Dr.  J.  S.  Prout,  President. 

Dr.  Gorham   Bacon,  Vice-President. 

Dr.  J.  J.  B.  Vermyne,  Secretary-Treasurer. 
1890— Dr.  O.  D.  Pomeroy,  President. 

Dr.  Gorham  Bacon,  Vice-President. 

Dr.  J.  J.  B.  Vermyne,  Secretary-Treasurer. 
1891 — Dr.  Gorham   Bacon,   President. 

Dr,  H,  Richards,  Vice-President. 

Dr.  J.  J.  B.  Vermyne,  Secretary-Treasurer, 


OFFICERS.  579 

1892 — Dr.  Gorham  Bacon,  President. 

Dr.  H.  Richards,  Vice-President. 

Dr.  J.  J.  B.  Vermyne,  Secretary-Treasurer. 
1893 — Dr.  Gorham  Bacon,  President. 

Dr.  H.  Richards,  Vice-President. 

Dr.  J.  J.  B.  Vermyne,  Secretary-Treasurer. 
189-1 — Dr.  Gorham  Bacon,  President. 

Dr.  Arthur  ]\Iathe\vson,  Vice-President. 

Dr.  J.  J.  B.  Vermyne,  Secretary-Treasurer, 
1895 — Dr.  Arthur  Mathewson,  President. 

Dr.  H.  G.  Miller,  Vice-President. 

Dr.  J.  J.  13.  Vermyne,  Secretary-Treasurer. 
1896 — Dr.  Arthur  Mathewson,  President. 

Dr.  H.  G.  Miller,  Vice-President. 

Dr.  J.  J.  B.  Vermyne,  Secretary-Treasurer. 
1897 — Dr.  Arthur  [Mathewson,  President. 

Dr.  H.  G.  .Miller,  Vice-President. 

Dr.  J.  J.  B.  Vermyne.  Secretary-Treasurer. 
1898— Dr.  Arthur  Mathewson,   President. 

Dr.  H.  G.  Miller,  Vice-President. 

Dr.  J  .].  B.  Vermyne,  President. 
1899 — Dr.  Arthur  ]\lathe\vson.  President. 

Dr.  H.   G.  Miller,  Vice-President. 

Dr.  Frederick  L.  Jack,  Secretary-Treasurer. 

1900— Dr.  H.  G.  Miller,  President. 

Dr.  B.  Alexander  Randall,  Vice-President. 

Dr.  Frederick  L.  Jack,  Secretary-Treasurer. 
1901— Dr.  H.  G.  Miller,  President. 

Dr.  P).  Alexander  Randall.  Vice-President. 

Dr.  Frederick  P.  Jack,  Secretary-Treasurer. 
1902— Dr.  H.  G.  Miller,  President. 

Dr.  B.  Alexander  Randall,  Vice-President. 

Dr.  Frederick  L.  Jack,  Secretary-Treasurer. 
1903— Dr.  B.  Alexander  Randall.  President. 

Dr.  Wm-  H.  Carmalt.  Vice-President. 

Dr.  Frederick   L.    jack.  Secretarv-lVeasurer. 


580  OFFICERS. 

1904 — Dr.  B.  Alexander  Randall,  President. 

Dr.  Wm.  H.  Carmalt,  Vice-President. 

Dr.  Frederick  L.  Jack,  Secretary-Treasurer. 
1905— Dr.  B.  Alexander  Randall,  President. 

Dr.  Wm  .H.  Carmalt,  Vice-President. 

Dr.  Frederick  L.  Jack,  Secretary-Treasurer. 
1906 — Dr.  Emil  Gruening,  President. 

Dr.  C.  J.  Kipp,  Vice-President. 

Dr.  Frederick  L.  Jack,  Secretary-Treasurer. 
1907 — Dr.  Emil  Gruening,  President. 

Dr.  C.  J.  Kipp,  Vice-President. 

Dr.  Frederick  L.  Jack,  Secretary-Treasurer. 
1908— Dr.  C.  J.  Kipp,  President. 

Dr.  S.  Theobald,  Vice-President. 

Dr.  James  F.  McKernon,  Secretary-Treasurer. 
1909— Dr.  Frederick  L.  Jack,  President. 

Dr.  R.  A.  Reeve,  Vice-President. 

Dr.  James  F.  McKernon,  Secretary-Treasurer. 
1910 — Dr.  Frederick  L.  Jack,  President. 

Dr.  R.  A.  Reeve,  Vice-President. 

Dr.  James  F.  McKernon,  Secretary-Treasurer. 
1911 — Dr.  Edward  B.  Dench,  President. 

Dr.  Charles  W.  Richardson,  Vice-President. 

Dr.  James  F.  McKernon,  Secretary-Treasurer, 
1912 — Dr.  Edward  B.  Dench,  President. 

Dr.  Charles  W.  Richardson,  Vice-President. 

Dr.  James  F.  McKernon,  Secretary-Treasurer. 
191v3 — Dr.  James  F.  McKernon,  President. 

Dr.  Eugene  A.  Crockett,  Vice-President. 

Dr.  John  B.  Rae,  Secretary-Treasurer. 
1914 — Dr.  James  F.  McKernon,  President. 

Dr.  Eugene  A.  Crockett,  Vice-President. 

Dr.  John  B.  Rae.  Secretary-Treasurer. 
1015 — Dr.  Charles  \V.  Richardson,  President. 

Dr.  C.  R.  Holmes.  Vice-President. 

Dr.  John  B.  Rae,  Secretary-Treasurer. 


OFFICERS.  5gJ 

1916 — Dr.  Charles  W.  Richardson,  President. 

Dr.  C.  R.  Hohnes,  Vice-President. 

Dr.  John  B.  Rae,  Secretary-Treasurer. 
1917 — Dr.  Christian  R.  Holmes,  President. 

Dr.  Norval  H.  Pierce,  Vice-President. 

Dr.  John  B.  Rae,  Secretary-Treasurer. 
1918 — Dr.  Norval  H.  Pierce,  President. 

Dr.  Ewing  W.  Day,  Vice-President. 

Dr.  George  E.  Shambaugh,  Secretary-Treasurer. 
1919— Dr.  Ewing  W.  Day,  President. 

Dr.  Robert  Lewis,  Vice-President. 

Dr.  George  E.  Shambaugh,  Secretary -Treasurer. 
1920 — Dr.  Robert  Lewis,  President. 

Dr.  Wells  P.  Eagleton,  Vice-President. 

Dr.  Thomas  J.  Harris,  Secretary-Treasurer. 
1921— Dr.  Wells  P.  Eagleton,  President. 

Dr.  Herbert  S.  Birkett,  Vice-President. 

Dr.  Thomas  J.  Harris,  Secretary-Treasurer. 
1922— Dr.  Herbert  S.  Birkett,  President. 

Dr.  George  E.  Shambaugh,  Vice-President. 

Dr.  Thomas  J.  Harris,  Secretary-Treasurer. 
1923 — Dr.  George  E.  Shambaugh,  President. 

Dr.  John  B.  Rae,  Vice-President. 

Dr.  Thomas  J.  Harris,  Secretary-Treasurer. 
1924— Dr.  John  B.  Rae,  President. 

Dr.  D.  Harold  Walker,  Vice-President. 

Dr.  Thomas  J.  Harris.   Secretary-Treasurer 
1925 — Dr.  Eugene  A.  Crockett,  President. 

Dr.  Phillip  D.  Kerrison,  Vice-President. 

Dr.  Thomas  J.  Harris,  Secretary-Treasurer. 


me:vibers 

of  the 


AMERICAN  OTOLOGICAL  SOCIETY. 

Names  of  deceased  members  while  in  membership  in  full  face. 
HONORARY  MEMBERS 


]'^21 — Dr.  Corhani  Bacon    Yarmouthport    Mass 

1908 — Dr.  J.  Orne  Green 267  Newbury  St Boston,  Mass 

1896 — Sir  William  Macewen   3  Woodside  Crescent  Glasgow,  Scotland  . 

1911— Dr.  Thomas  R.  Pooler  ...4  Plast  41st  St New  York,  N.  Y 

1910— Dr.  Jonathan  S.  Prout  . .  .  Fishkill.  Dutchess  Co ;New  York 

1904 — Dr.  H.  Luc  15  Rue  de  Chanaleilles   Paris.  France 

1914— Dr.   Samuel  Theobald    ....Cathedral  &  Howard  Sts.   ...Baltimore,    Md 

SENIOR  MEMBERS 

1896— Dr.  Henrv  A.  Alderton  . .  .915  Channing  Ave Palo  Alto,  Cal 

1924— Dr.  Joseph  A.  Andrews   ..1229K'  State  St Santa  Barbara.  Cal. 

— Dr.   Robert  Barclay    3100  A.  So.  Grand  Ave St.  Louis.  Mo 

1924— Dr.  Franklin  P.  Capron   .  .118  Angcll  St Providence.  R.  L  ... 

1921— Dr.  J.  B.  Emerson   40  E.  41st  St New  York  Citv   .    . 

1924— Dr.  Geo.  W.  Hale   Wilcox  Bldg Nashville.  Tcnn.   ... 

1899 — Dr.  David  Harrower 9  Elm   St Worcester.    Mass.    . 

1896— Dr.  N.  Darrell  Harvev  ....114  Waterman  St Providence.  R.  L   .. 

1880— Dr.  Erastus  E.  Holt  723  Congress  St Portland.   Me 

1924— Dr.   Richard  Jordon 165  W.  58th  St New  York  Citv  .... 

1899— Dr.  David  B.  Lovell  Rooms  407-408  State  Mutual. 

Building Worcester.   Mass.    . 

1874— Dr.   Cvrus   S.    Merrill    ....27  So.  Hawk  St Albanv.  N.  Y 

1891— Dr.  Robert  C.  Mvles    11  East  48th  St New  York.  N.  Y.  ... 

1924— Dr.  Henrv  O.  Reik  55   W.  44th   St New  York  Citv  .... 

1895— Dr.  Henry  W.  Ring   185  Church  St New  Haven.  Conn. 

— Dr.  Huntington  Richards   .Concord,  N.  H 

1924— Dr.  John  D.  Rushmore   ...129  Montague  St Brooklvn.  N.  Y 

1924— Dr.  Edward  Wheelock    ...  424   Park  Ave \\'averiv.  N.  Y 


ACTIVE  MEMBERS 

1904— Dr.  Emil  Amberg   David   Whitnev  Bldg Detroit.  Mich.   ... 

1907— Dr.  John  F.  Barnhill   Rms.  404-411  Penwav  B!dg.  ..Indianapolis.  Ind. 

1921— Dr.  Jos.  C.  Beck 108  N.  State   St Chicago.  Ill 

1908— Dr.  Herbert  S.  Birkett 252    Mountain    St Montreal.  Canada 

1912— Dr.  Hugh  B.  Blackwell   . .  AAS   West   58th    St New  York.  N.  Y 

1904— Dr.  Frank  J.  Blodgett   .  .     45  West  73rd  St New  York.  N.  Y. 

1913 — Dr.  Charles   R.  C.   Borden. 520  CoinmonAvealth  Ave Boston.   Mass 

1922— Dr.  Weslev  C.  Bowers  ....27  W.  49th  St New  York  Citv  . . 

1907— Dr.  William  C.  BraisHn  ...425   Clinton   Ave Brooklvn   N   Y. 

1903— Dr.  Joseph  H.  Brvan    . . .  .S18  17th  St.  N.  W Washimrton.  D   C 


584  MEMBERS. 

1894— Dr.  W.  Sohier  Bryant  ....107    East    39th    St New  York  City  .. 

1904— Dr.  Ernest  U.  Buckman   ..99  So.  Franklin  St Wilkes  Barre.  Pa. 

1908— Dr.  Ralph  Butler  1926  Chestnut  St Philadelphia.   Pa. 

1917— Dr.  Don  M.  Campbell  ....Smith  Bldg Detroit,    Mich.    .. 

1922 — Dr.  H.  P.  Cahill  514  Commonwealth  Ave Boston.  Mass.   ... 

1913— Dr.  R.  Bishop  Canfield  . . .  .300  So.  State  St Ann  Arbor,  Mich. 

1907— Dr.   Cornelius  G.   Coakley.53  West  56th  St New  York,  N.  Y. 

1921— Dr.  Geo.  M.  Coates   1736  Pine  St Philadelphia,   Pa. 

1893— Dr.  William  Cowen 35  East  60th  St New  York,  N.  Y. 

1901— Dr.  Charles  N.  Cox   257  Jefiferson  Ave Brooklyn,  N.  Y.   . 

1897 — Dr.  Eugene  A.  Crockett  ..298  Marlborough  St Boston,  Mass.   ... 

1907— Dr.  Ewing  W.  Day   1005    Westinghouse    Bldg.    ...Pittsburg,  Pa.   ... 

1916— Dr.  L.  W.  Dean  Uy.  South  Clinton  St Iowa  City,  la.  ... 

1893— Dr.  Edward  B.  Dench   ....  15  East  53rd  St New  York,  N.  Y. 

1924 — Dr.  F.   L.   Dennis    Ferguson   Bldg Colo.  Springs,  Colo 

1923— Dr.  John  K.  M.  Dickie  ....  196  Elgin  St Ottawa,  Can 

1897— Dr.  Ernest  E.  Doble  52  Cross  St Quincy,  Mass.   . . . 

1918— Dr.  J.  W.  Downey,  Jr 529  No.  Charles  St Baltimore,    Md.    . 

1904— Dr.  Arthur  B.  Duel   27  East  57th  St New  York,  N  .Y. 

1921— Dr.  James  G.  Dwver 40  East  41st  St New  York,  N.  Y. 

1896— Dr.  Wells  P.  Eagleton  .-...15  Lombardy  St Newark,  N.  J.   ... 

1916 — Dr.  Francis  P.  Emerson  ..520  Commonwealth  Ave Boston,  Mass.   ... 

1921 — Dr.  C.  B.  Faunce  95  Newburv  St Boston.  Mass.   . . . 

1923— Dr.  Lewis  Fisher   1820  Spruce  St Philadelphia,  Pa. 

1899 — Dr.  George  F.  Fiske  25  East  Washington  St Chicago,  111 

1918— Dr.  E.  P.  Fowler 114  East  54th  St New  York,  N.  Y. 

1906 — Dr.  Harry  Friedenwald  . . .  1029  Madison  Ave Baltimore,  Md.  . . 

1921— Dr.  Isidore  Friesner  36  East  73rd  St New  York,  N.  Y. 

1921— Dr.  E.  B.  Gleason  2033  Chestnut  St Philadelphia,  Pa. 

1923— Dr.   Perry  Goldsmith   84  Carlton  St Toronto,  Can.   ... 

1911— Dr.  Max  A.  Goldstein   3858  Westminster  Place   St.  Louis,  Mo.  ... 

1901— Dr  Thomas  H.  Halsted  ...Syracuse  Clin.  405  Fayette  Pk. Syracuse,   N.  Y.    . 

1901— Dr.    Philip    Hammond 483  Beacon  St Boston.  Mass.   . . . 

1903— Dr.   Thomas   J.   Harris    ...104  East  40th  St New  York,  N.  Y. 

1906— Dr.  William   H.  Haskin    .  .40  East  41st  St New  York,  N.  Y. 

l<iM_l^,-.   R.  Johnson    Held    ...   3531   Pacific  Ave Atlantic  City.  N.  J 

1912— Dr.  Frank  T.  Hopkins  . . .  .853  7th  .Ave New  York  City 

1910— Dr.  Thomas  Hubbard   ....515  Nicholas   Bldg Toledo,    Ohio    . 

1915 — Dr.  J.  M.  Ingersoll  1021  Prospect  Ave Cleveland.  Ohio 

1890— Dr.  Frederick  L.  Jack  ....215  Beacon  St Boston,  Mass.   . 

1891— Dr.  Walter  B.  Johnson   ...170  Broadway   Paterson,   N.  J. 

1916 — Dr.  Isaac  H.  Tones  1920  Orange  St.,  nr  West  Lake  .Los  Angeles,  Calif 

1921— Dr.  J.  C.  Keeler  Med.  Arts  Bldg Philadelphia,   Pa. 

1907— Dr.  B.  R.  Kennon   201  Tavlor  Bldg Norfolk,   Va 

1910— Dr.  Philip  D.  Kerrison  ....  58  West  56th  St New  York.  N.  Y. 

1898— Dr.  John   C.   Lester    616  Madison  Ave New  York.  N.  Y. 

1914 — Dr.  Eugene  R.  Lewis  1920  Orange   St.,nrWestLake.Los  Angeles,  Cal. 

1895— Dr.  Robert  Lewis   48  West  40th  St New  York.  N.  Y. 

1924 — Dr.  H.    I.    Lillie Mavo   Clinic Rochester.   Minn. 

1911— Dr.  Hanau  W.  Loeb   537  N  Grand  Ave St.  Louis,  Mo.  ... 

1904— Dr.  James  E.  Logan  1208  Wvandotte  St Kansas  Citv,  Mo. 

1898— Dr.  George  B.  McAuliffe  ..616  Aladison  Ave New  York.  N.  Y. 

1910— Dr.  James  F.  McCaw  Bank  &  Loan  Bldg Watertown.  N.  Y. 

1923— Dr.  John  McCoy  157  West  73rd  St New  York  Citv.   . 

1897— Dr.  James  F.  McKernon  .  .62  West  52nd  St New  York,  N.  Y. 

1912— Dr.  O.  A.  M.  McKimmie  ..1330  Mass.  Ave..  N.  W Washington.  D.  C. 

1922— Dr.   Clifton   L.   Miller    ...  .3  West  Grace  St.  .'. Richmond.  Va.    .. 

1888 — Dr.  Henry  L.  Morse 112  Marlborough  St Boston.    Mass    . . . 
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1911— Dr.  Harris  P.  Mosher   ....828  Beacon  St Boston,  Mass.  ... 

1903— Dr.  Francis  R.  Packard   ..304  South  19th  St Philadelphia,  Pa. 

1913— Dr.  John  R.  Page   127  East  62nd  St New  York,  N.  Y. 

1903— Dr.  Wendell  C.  Phillips  . .  .40  West  47th  St New  York,  N.  Y. 

1906— Dr.  Norval   H.   Pierce    ...  .22  E.  Washington  St Chicago,  111 

1914 — Dr.  George  H.  Powers,  Jr.  298  Marlborough  St Boston,  Mass.   ... 

1908— Dr.  John  B.  Rae  247  West  70th  St New  York,  N.  Y. 

1888— Dr.  B.  Alexander  Randall  .2009  Spruce  St Philadelphia,  Pa. 

1906— Dr.  W.  Scott   Renner   ...341  Linwood  Ave Buffalo.  N.  Y.   ... 

1901— Dr.  George  L.  Richards     .  124  Franklin  St  Fall   River,   Mass. 

1898 — Dr.  Charles  \V.  Richardson.  1317  Connecticut  Ave Washington,  D.  C 

1909— Dr.  Walter  Roberts   1732  Spruce  St Philadelphia.  Pa. 

1919— Dr.  Charles  M.  Robertson. 32  N.  State  St Chicago,    111 

1913— Dr.  W.  E.  Sauer  201  Humboldt  Bldg New  York  Citv   . 

1912— Dr.  T.  Laurance  Saunders  120  E.  61st  St New  York.  N.  Y. 

190-1 — Dr.  George  E.  Shambaugh .  People's  Gas  Bldg Chicago,  111 

1890 — Dr.  John  B.  Shapleigli         Grand  &  Washington  Aven.  .   St.  Louis,  Mo.  . . . 

1906— Dr.  Warren  S.  Shattuck  . .  160  Clinton  St Brooklvn.  N.  Y.   . 

1912— Dr.  Burt  R.  Shurlv 32  Adams  Ave,.  W Detroit,  Mich.  . . . 

1906— Dr.  E.  Tenv  Smith 36  Pearl  St Hartford.  Conn.   . 

1909— Dr.  S.  MacCuen  Smith  . . .  1429  Spruce  St Philadelphia,  Pa. 

1924 — Dr.  Robert  Sonnenschein  .29  E.   Madison  St Chicago.   Ill 

1909 — Dr.  Selden  Spencer 2725  Washington  Ave St.  Louis,  Mo.  . . . 

1904— Dr.  Franklin  M.  Stephens.  19  West  54th  St New  York,  N.  Y.  . 

1910 — Dr.  Joseph  A.  Stuckv  Favette  Nat'l.  Life  Bldg Lexington,  Kv.   .. 

1914— Dr.  Edward  Blair  Sutphen   .  162  South  St Morristown,  N.  J. 

1901— Dr.  Lewis  H.  Ta-.lor   82  South  Franklin  St Wilkes  Barre,  Pa. 

1912— Dr.  J.  J.  Thomson  3  Park  Ave Mt.  Vernon,  N.  Y. 

1914— Dr.  George  L.  Tobey   270  Commonwealth  .\ve Boston,  Mass.    ... 

1906— Dr.  Joseph  A.  White    ....200  East  Franklin  St Richmond.  Va.    .. 

1921 — Dr.  Leon  E.   White    390  Conmionwealth  Ave Boston,  Mass.   ... 

1906— Dr.  D.  Harold  Walker   ....590  Commonwealth  Ave   Boston.  Mass.   ... 

1896— Dr.  Fred  Whiting  19  West  47th  St New  York.  N.  Y. 

1912 — Dr.  John  Gordon  Wilson.  104  S.  Michigan  Ave Chicago,    111 
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SENIOR  MEMBERS 
(Deceased) 


Dr.   David   Webster 
Dr.  Francis  B.  Loring 


Dr.   Geo.  A.  Leland, 


HONORARY   MEMBERS 
(Deceased) 


Prof.  A.  Graham  Bell 
Dr.  Albert  H.  Buck 
Dr.    E.    H.    Clarke 
Dr.    Edward    L.    Holmes 


Dr.    Herman   Knapp 
Dr.  A.  Mathewson 
Di-.   A,   F.  Mayer 
Dr.   E.    Williams 
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Dr.  Frank  W.  Abbott 

Dr.    John    L.   Adams 

Dr.  C.   R.  Agnew 

Dr.  W.  F.  Akin 

Dr.   H.   P.  Allen 

Dr.   Edwin   W.  Bartlett 

Dr.  T.    Passmore  Berens 

Dr.  Clarence  J.  Blake 

Dr.  John   P.  Davidson 

Dr.  J.  H.  Dix 

Dr.   E.   Dwyer 

Dr.   E.   P.   Ely 

Dr.    Edward    Fridenberg 

Dr.  Blancome  E.  Fryer 

Dr.  John   Green 

Dr.   Emil   Gruening 

Dr.  Neil  J.  Hepburn 

Dr.   Herbert    Harlan 

Dr.  James   Hewitt 

Dr.   Christian   R.   Holmes 

Dr.  Edgar  M.  Holmes 

Dr.  Joseph  A.   Kenefick 

Dr.  Jordan   King 

Dr.  Charles  J.  Kipp 

Dr.  D.  Braden  Kyle 

Dr.  J.  W.  Lawton 

Dr.  George    A.    Leland 

Dr.   W.    S.   Little 

Dr.  C.  J.  Lundy 

Dr.  Stephen   H.  Lutz 

Dr.  G.   Hudson-Makuen 

Dr.  Read  J.  McKay 


(Deceased) 
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Horace  J.  Miller 
W.  W.  Moreland 
James  E.  H.  Nichols 
Henry   Noyes 
J.   F.   Noyes 
Chas.  E.  Perkins 
Edw.   M.   Plummer 
Oren  D.  Pomeroy 
Barton   H.   Potts 
Wm.   Rankin,  Jr, 
J.  M.  Ray 
Stephen  O.  Richey 
Charles    E.    Rider 
F.  W.  Ring 
Arthur  W.  de   Roaldes 
William  K.  Rogers 
D.  B.  St.  John  Roosa 
Samuel   B.   St.  John 
Wm.  W.  Seely 
Henry   L.   Shaw 
Sargent    F.   Snow 
Edmund  D.  Spear 
Frank  Sprague 
George  T.  Stevens 
George   Strawbridge 
Theron  Y.  Sutphen 
William   Thomson 
Robert  TiUey 
J.  J.  B.  Vermyne 
David    Webster 
Frederick  M.  Wilson 
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The  Fifty-seventh  Annual  Meeting  of  the  American 
Otological  Society  Avas  held  at  the  Ocean  House,  Swamp- 
scott,,  Mass..  on  June  4th,  5th  and  6th,  1924. 

The  following  members  and  guests  registered  at  the 
meeting^: 


MEMBERS 


DR.  GEORGE   M.   COATES. 
DR.  DON  M.  CAMPBELL. 
DR.  J.  W.  DOWNEY.  JR. 
DR.  W.  SCOTT  RENNER. 
DR.  EWING  W.  DAY. 
DR.  T.  E.  CARMODY. 
DR.  H.  M.  TAYLOR. 
DR.  THOMAS  HUBBARD. 
DR.  BURT  R.  SHURLEY. 
DR.  LEON    E.    WHITE. 
DR.  PHILLIP  HAMMOND. 
DR.  D.  HAROLD  WALKER. 
DR.  EUGENE  A.  CROCKETT. 
DR.  RALPH  H.  BUTLER. 
DR.  EDWARD  B.  DENCH. 
DR.  FREDERICK  L.  JACK. 
DR.  WESLEY  C.  BOWERS. 
DR.  JOHN  R.  PAGE. 
DR.  GEORGE  L.  TOBEY. 
DR.  GEORGE  L.  RICHARDS. 


DR.  NORVAL  H.   PIERCE. 

DR.  PERRY  G.   GOLDSMITH. 

DR.  JOHN  F.  BARNHILL. 

DR.  THOMAS  J.  HARRIS. 

DR.  C.  R.  C.  BORDEN. 

DR.  EUGENE  R.  LEWIS. 

DR.  J.  M.  INGERSOLL. 

DR.  JOHN  B.  RAE. 

DR.  HARRIS   P.  MOSHER. 

DR.  GEORGE  H.  POWERS. 

DR.  WM.  H.  HASKIN. 

DR.  GEORGE  E.  SHAMBAUGH. 

DR.  J.  GORDON  WILSON. 

DR.  FRANCIS   P.  EMERSON. 

DR.  L.  W.  DEAN. 

DR.  THOS.H.    HALSTED. 

DR.  FRANCIS  R.  PACKARD. 

DR.  T.  L.  SAUNDERS. 

DR.  EDMUND  P.  FOWLER. 

DR.  H.  P.  CAHILL. 


GUESTS: 

DR.  EDWIN    McGINNIS.  DR.  W.  T.  GARRETSON. 

DR.  H.  I.  LILLIE.  DR.  JEANETTE  M.  SHEFFERD 

DR.  JOS.  B.  GREEN.  DR.  F.  R.  SPENCER. 

DR.  ROBERT  SONNENSCHEIN  DR.  W.  V.  MULLIN. 
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Business  Meeting 
Thursday,  June  5th,  Nine  A.  M. 

The  President,  Dr.  Ji3hn  B.  Rae,  N.  Y.  City,  Presiding. 

It  was  moved,  seconded  and  carried  that  the  reading 
of  the  Minutes  of  the  last  Annual  Meeting  be  dispensed 
with. 

On  motion,  duly  seconded,  the  minutes  were  ordered 
placed   on   file. 

The  following  nominations  for  membership  were  made  : 

Dr.  D.  Campbell  Smith,  Boston,  IVIass.  Proposed  by 
Dr.  Eugene  A.  Crockett,  Boston.  Seconded  by  Dr.  Philip 
Hammond,  Boston. 

Dr.  Gordon  Berry,  Worcester,  Mass.  Proposed  by 
Dr.  David  Harrower,  Worcester.  Seconded  by  Dr.  F.  L. 
Jack,  Boston. 

Dr.  James  Morrisset  Smith,  New  York.  Proposed  by 
Dr.  E.  B.  Dench,  New  York.  Seconded  by  Dr.  F.  L.  Jack, 
Boston. 

Dr.  John  A.  Robinson,  New  York.  Proposed  by  Dr. 
E.  B.  Dench,  New  York.  Seconded  by  Dr.  F.  L.  Jack, 
Boston. 

Dr.  Gerhard  H.  Cox,  Glen  Cove,  L.  I.  Proposed  by 
Dr.  E.  B.  Dench,  New  York.  Seconded  by  Dr.  Arthur 
B.  Duel,  New  York. 

Dr.  Wm.  B.  Scruton,  New  York.  Proposed  by  Dr. 
Arthur  B.  Duel,  New  York.  Seconded  by  Dr.  John  R.  Page, 
New  York. 

Dr.  H.  M.  Taylor,  Jacksonville,  Fla.  Proposed  by 
Dr.  G.  L.  Tobey,  Boston.  Seconded  by  Dr.  L.  W.  Dean, 
Iowa  City. 

Dr.  T.  E.  Carmody,  Denver,  Colo.  Proposed  by  Dr. 
George  E.  Shambaugh,  Chicago.  Seconded  by  Dr.  L.  W. 
Dean,  Iowa  City- 

Dr.  Wm.  V.  Mullin,  Colorado  Springs.  Proposed  by 
Dr.  George  E.  Shambaugh,  Chicago.  Seconded  by  Dr.  L. 
W.  Dean,  Iowa  City. 
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Dr.  F.  R.  Spencer,  Boulder,  Colo.  Proposed  by  Dr. 
G.  E.  Shambaugh,  Chicago,  Seconded  by  Dr.  L.  AV.  Dean, 
Iowa  City. 

The  following  men  were  recommended  by  the  Council 
for  active  membership  in  the  Society : 

Dr.  F.  L.  Dennis,  Colorado  Springs.  Proposed  by  Dr. 
J.  F.  McKernon,  New  York.  Seconded  by  Dr.  Jas  E.  Logan, 
Kansas  City,   Mo. 

Dr.  Robert  Sonnenschein,  Chicago.  Proposed  by  Dr. 
Chas.  E.  Perkins,  New  York.  Seconded  by  Dr.  B.  Alex 
Randall,  Philadelphia. 

Dr.  H.  I.  Lillie,  Rochester,  Minn.  Proposed  by  Dr.  L. 
W.  Dean,  Iowa  City.  Seconded  by  Dr.  Francis  P.  Emerson. 
Boston. 

It  was  moved,  seconded  and  carried,  that  the  Secretary 
be  instructed  to  cast  one  ballot  for  the  candidates  named. 
This  being  done  they  were  thereupon  declared  elected. 

Reports  of  Committees 

Dr.  C.  W.  Richardson,  as  Chairman  on  the  Committee 
on  the  Deaf  Child  through  the  Secretary  reported  prog- 
ress. 

It  was  moved,  seconded  and  carried  that  the  report  be 
received  and  placed  on  file. 

Dr.  E.  B.  Dench,  as  Chairman  on  the  Committee  on 
the   Standardization  of  Tuning  Forks   reported  progress. 

The  report  was  ordered  received  and  placed  on  file. 

Dr.  Norval  H.  Piece,  as  Chairman  of  the  Committee 
on  Otosclerosis  inquired  what  action  the  Society  had  taken 
on  the  report  of  the  Committee  of  last  year. 

The  Secretary  reported  that  no  action  so  far,  had  been 
taken.  At  the  last  Annual  meeting,  however,  the  dues  had 
been  raised  to  $25,  ten  dollars  of  which  were  to  go  to  a 
fund  for  Reserve  Work  which  now  amounted  to  $1000. 

Dr.  Arthur  B.  Duel,  said  that,  not  knowing  of  the  work 
already  done,  he  had  taken  up  the  subject  in  his  paper, 
outlining  the  handling  of  the  whole  question  from  a  finan- 
cial and  administrative  point  of  view. 
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It  was  thereupon  moved,  seconded  and  carried  that 
the  discussion  of  this  question  be  postponed  until  Dr. 
Duel's  paper  had  been  presented. 

The  Council,  acting  as  Nominating  Committee,  made 
the  following  report : 

For  President — Dr.  Eugene  A.  Crockett,  Boston,  Mass. 

For  Vice  Pres. — Dr.  Philip  D.  Kerrison,  New  York  City. 

For  Sec'y-Treas. — Dr.  Thos.  J.  Harris,  New  York  City. 

Member  of  Council — Dr.  H.  S.  Birkett,  Montreal. 

It  was  moved,  seconded,  and  carried  that  the  report  of 
the  Committee  be  accepted  and  adopted.  The  President 
thereupon  announced  that  the  aforenamed  officers  were 
duly  elected  for  the  ensuing  year. 

The  Secretary,  Dr.  Harris,  reported  the  receipt  of 
two  telegrams,  one  from  Drs.  Francis  P.  Emerson  and 
Thomas  Hubbard,  from  Auckland,  New  Zealand,  on  behalf 
of  the  Conference  of  the  British  Medical  Society,  sending 
greetings.  This  was  acknowledged.  Another  telegram 
was  from  Dr.  John  S.  Eraser,  sending  greetings  from 
Edinburgh  and  best  wishes  for  the  Annual  Meeting. 

It  was  moved,  seconded  and  carried  that  these  mes- 
sages be  placed  on  file  and  recorded  in  the  Minutes. 

Upon  recommendation  of  the  Council  Dr.  Eraser  of 
Edinburgh  was  elected  an  honorary  member  of  the  So- 
ciety. 

Upon  recommendation  of  the  Council,  an  assessment  of 
$10  per  member  for  running  expenses  for  year  1924-5  was 
levied. 

Upon  recommendation  of  the  Council  the  Memorial 
Fund  to  General  Gorgas,  was  endorsed  and  was  moved, 
seconded  and  carried  that  the  endorsement  be  included  in 
the  minutes  and  printed  in  the  Transactions. 

WHEREAS  : — the  life  and  achievements  of  the  late  William 
Crawford  Gorgas  have  been  to  our  members  an  inspiration 
to  service  for  humanity,  and 

WHEREAS : — the  Gorgas  Memorial  Institute  contemplates 
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the  establishment  in  his  memory  of  a  living,  working  mem- 
orial in  the  form  of : 

(a)  A  Research  Institute  at  Panama  for  the  study, 
prevention  and  cure  of  tropical  disease,  and 

(b)  the  development  of  a  national  educational  cam- 
paign under  the  supervision  of  the  scientific  medical  pro- 
fession for  the  purpose  of  improving  and  protecting  the 
health  of  people  everywhere. 

THEREFORE,  BE  IT  RESOLVED,  in  consideration 
of  these  facts,  the  American  Otological  Society,  assembled 
at  its  annual  convention  at  Swampscott,  June  3rd-5th. 
hereby  heartily  endorses  the  plan  to  memorialize  William 
Crawford  Gorgas,  in  the  manner  contemplated  by  the 
Gorgas  Memorial  Institute,  not  only  because  it  will  con- 
stitute a  worthy  recognition  of  the  character  and  achieve- 
ments of  our  late  distinguished  colleague,  but  will  be  in 
eflfect  a  memorial  to  the  efficiency  and  importance  of 
medical  science  in  world  progress. 

The  resignation  of  Dr.  E.  deWolf  Wales  was  presented. 

It  was  moved,  seconded  and  carried  that  the  Secretary 
be  instructed  to  accept  the  resignation  with  regret. 

Dr.  C.  W.  Richardson,  of  Washington,  D.  C.,  was  ap- 
pointed a  Delegate  to  the  Congress  of  Physicians  and 
Surgeons,  with  Dr.  Jos.  H.  Bryan,  as  alternative. 

The  Report  of  the  Treasurer  was  then  read. 

Report   of   Secretary — Treasurer 
Expenditures  for  1923-1924 

May  1,  1923— John  S.  Eraser,  (Honorarium) $300.00 

May  24.  1923— Alfred  Moore,  (Stereopticon  etc.)  36.00 

May  24.  1923— The  Ambassador,  (Dr.  Eraser)  ....  21.00 

May  24,  1923 — Thomas  J.  Harris,  (Expenses)  ....  25.00 

June  1,  1923— Postage  2.00 

June  6.  1923— V.  B.  Alvarez,  (Reporting  meeting)  133.00 

July  17,  1923— Postage 4.00 
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Sept.  29,  1923 — Collector  of  International  Revenue 

(Dr.  Eraser's  cuts)    25.00 

Oct.  2,  1923— Postage  and  book   4.89 

Oct.  2,   1923— Clerical  Hire    50.00 

Dec.  3,  1923 — George  H.  Reynolds,   (Printing  on 

acc't)   500.00 

Dec.  8,  1923— Postage   2.00 

Dec.  23,  1923— Geo.  H.  Reynolds,  (On  acc't)   ....  377.18 

Jan.  21,  1924— George  H.  Reynolds,  (On  acc't)   . .  .  142.75 

Jan.  21,  1924— Postage 2.00 

Mar.  3,  1924— Postage  2.00 

May  28,  1924— Thomas  J.  Harris,  (Telegrams  etc.)  10.24 

Bank  charges 2.12 

$1639.18 

Balance  brought  forward $919.37 

Receipts  during  year  May  3-May  28 2760.30 

$3679.67 
Expenditures  as  above  $1639.18 

Balance $2040.49 

It  was  moved,  seconded  and  carried  that  this  report  be 
received  and  placed  on  file. 

The  Chair  appointed  Dr.  Francis  P.  Emerson  to  act  as 
Auditing  Committee  to  examine  the  books  of  the  Treasurer 
and  make  a  report  at  the  next  business  session. 

Dr.  George  E.  Shambaugh,  on  behalf  of  the  National 
Examining  Board,  reported  that  this  board  was  formed 
for  men  who  wished  to  be  recognized  as  being  qualified  to 
practice  in  Oto-laryngology.  A  committee  was  formed  at 
the  A.  M.  A.  with  Dr.  Shambaugh  as  Chairman.  The 
matter  was  before  the  national  societies  and  two  members 
from  each  were  appointed  to  serve  on  the  committee. 
The  approval  of  the  Otological  Society  was  asked,  and  the 
appointment  of  two  members  to  join  the  committee  al- 
ready formed  by  the  other  societies. 
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Discussion. 

Dr.  Dench  said  that  if  the  Board  was  to  do  real  work, 
and  not  to  be  merely  a  figurehead,  he  would  favor  the  plan. 

Dr.  Ingersoll  said  that  the  ophthalmologists  had  al- 
ready a  well  established  board,  the  certificate  of  which  was 
recognized  by  ophthalmological  societies  and  by  the  Amer- 
ican College  of  Surgeons.  The  examination  was  a  very 
thorough  test  of  ability.  In  regard  to  the  Board  of  Oto- 
laryngology, the  examination  was  not  a  farce,  and  Dr. 
Dench  would  not  be  able  to  get  by  without  proving  his 
ability.  It  would  be  a  mistake  for  the  Otological  Society 
not  to  join  this  movement. 

Dr.  L.  W.  Dean  agreed  with  Dr.  Dench  that  the  results 
of  the  examination  by  such  a  board  might  be  questionable. 
He  felt,  however,  that  if  such  a  National  Board  be  formed, 
that  men  should  pass  its  test  before  being  admitted  into 
the  national  societies  as  proof  that  they  had  taken  certain 
prescribed  work. 

On  request,  Dr.  Shambaugh  read  the  outline  of  the 
proposed  work  of  the  Board,  in  detail. 

It  was  moved,  seconded  and  carried  that  the  Chair 
appoint  two  members  to  serve  on  the  National  Examining 
Board  of  Oto-laryngology. 

The  Necrologist,  Dr.  Randall,  not  being  present,  a  list 
of  deceased  members  was  presented,  as  follows : 

Dr.  T.  Passmore  Berens.  joined  in  1901,  N.  Y.  City. 

Dr.  Herbert  Harlan,  joined  in  1903,  Baltimore,  Md. 

Dr.  Sargent  S.  Snow,  joined  in  1906,  Syracuse, 

Dr.  Geo.  A.  Leland,  joined  in  1894,  Boston. 

Dr.  Ed.  M.  Plummer,  Boston. 

Dr.  David  Webster,  charter  member,  N.  Y.  C. 

Dr.  Nolton  Bigelow,  of  Providence,  was  a  candidate 
for  election  and  had  been  approved,  but  died  before  he  was 
elected. 
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NECROLOGY 
Dr.  George  Adams  Leland,  A.M.,  M.D. 

Boston,  Mass. 

We  have  lost  another  valued  Fellow  of  The  Ameri- 
can Otological  Society  in  the  death  after  operation  at  the 
Massachusetts  General  Hospital  on  March  17th,  1923.  of 
Dr.  George  A.  Leland,  (of  Boston),  who  was  born  Se])t. 
11,  1850,  the  son  of  Deacon  Joseph  D.  and  Mary  Adams 
Leland.  Educated  in  the  Grammar,  and  Boston  Latin 
School,  he  took  his  A,  B.  in  Amherst,  in  1874,  where  20 
years  later  he  was  honored  with  his  M.  A.  Entering  the 
Harvard  Medical  School,  he  graduated  in  1878,  and  was 
I  louse  Officer  in  the  Boston  City  Hospital,  where  he 
later  served  long  on  the  Stafif. 

He  taught  Physical  Culture  and  Hygiene  in  Tokyo  for 
three  years  and  then  returned  to  Boston  for  years  of  gen- 
eral practice  before  specializing.  Courses  of  teaching  Oto- 
logy at  the  Boston  Polyclinic  and  Boston  City  Hospital  led 
to  his  call  to  the  Chair  of  Laryngology  at  Dartmouth  in 
1893,  and  its  Professor  Emeritus  in  1914.  He  keenly  ap- 
preciated the  relations  of  the  ear  and  upper  air-passages 
and  was  devoted  and  competent  in  maintaining  the  due 
balance  in  treating  them  ;  was  a  Fellow,  therefore,  of  the 
American  Laryngological,  over  which  he  presided  in  1912,  as 
well  as  of  the  Otological.  An  earnest,  close  student,  he  con- 
tributed only  too  rarely  to  our  discussions,  impeded  rather 
by  his  modesty  and  genial  kindliness  than  by  his  most  un- 
fortunate deafness;  but  added  notable  papers  to  our  pro- 
grams. He  married  in  July,  1878,  Alice  P.  Higgins.  who 
with  his  son,  George  A.  Leland,  Jr.,  and  a  daughter,  sur- 
vive him. 

Dr.  Herbert  Harlan 

Dr.  Herbert  Harlan,  son  of  Medical  Director  David 
Harlan,  U.  S.  N.  died  after  a  game  of  golf  near  his  suburban 


AMERICAN  OTOLOGICAL  SOCIETY.  595 

Baltimore  home  on  August  16th,  1923.  Born  in  Harford 
Co.  Md.  in  1856,  his  early  education  at  private  school  and 
college  were  in  Annapolis,  and  he  graduated  from  the 
University  of  Maryland  Medical  School  in  1879.  becoming 
soon  Demonstrator,  later  Professor  of  Anatomy  in  that 
School.  Early  specializing,  he  followed  Chisolm  as  Eye  and 
Ear  Surgeon  to  the  Presbyterian  Hospital,  was  Pres.  State 
Board  of  Medical  Exam.  Pres.  Med.  and  Chir.  Faculty 
(State  Soc.  Md.)  and  member  of  Board,  Medical  Exam- 
iners. In  1913  he  was  sent  by  the  Interior  Dept.  to  inves- 
tigate trachoma  in  the  Kentucky  mountains  and  was  eye- 
surgeon  to  several  of  the  R.  R.  systems.  He  wrote  little  but 
was  an  interested  listener  at  our  meetings,  where  I 
was  always  glad  to  renew  our  boyhood  companionship, 
too  much  interrupted. 

Dr.  David  Webster 

Another  of  the  'Old  Guard'  has  disappeared  from  the 
list  of  our  'Senior  Members'  with  the  death  of  our  Nestor, 
Dr.  Webster.  Those  of  you  who  attended  the  Banquet  at 
our  Semi-Centennial  will  remember  the  genial  old  fellow, 
who  had  perhaps  missed  numbers  of  previous  meetings  but 
came  to  Atlantic  City,  as  he  hoped  all  surviving  aborigines 
would  do.  At  first  I  looked  on  him  largely  as  a  much  ex- 
panded shadow  of  Agnew,  whose  junior  partner  he  was, 
but  they  separated  about  1890  and  he  showed  thereafter 
that  he  had  large  feet  of  his  own  to  stand  upon,  though 
inclined  to  leave  the  floor  to  others.  More  interested  in 
eyes,  he  yet  contributed  no  little  to  the  earlier  expansion 
and  stabilizing  of  Otology. 


The  Society  then  rose,  in  memory  of  its  deceased 
members. 

The  Business  Session  adjourned  and  the  Society  im- 
mediately went  into  Scientific  Session.  * 

A  second  business  meeting  was  held  in  the  afternoon, 
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Thursday,  June  5th,  following  the  reading  of  Dr.  Duel's 
paper. 

Dr.  Shambaugh,  speaking  for  Dr.  Richardson  and  Dr. 
Phillips,  as  Trustees  of  the  A.  M.  A.,  asked  for  approval 
of  the  Society  of  the  publication,  by  the  A.  M.  A.,  of  a 
new  journal  on  Otolaryngology. 

It  was  moved,  seconded  and  carried,  that  the  project 
be  approved. 

Dr.  Emerson,  acting  as  Auditing  Committee,  reported 
that  he  had  examined  the  books  of  the  Treasurer  and  had 
found  them  correct. 

At  the  conclusion  of  the  discussion  on  the  presentation 
by  Professor  Dayton  C.  Miller,  it  was  moved,  seconded  and 
carried  that  Professor  Miller  and  Mr.  R.  Q.  Wegel  be  made 
honorary  members  of  the  Society.  These  gentlemen  ex- 
pressed their  appreciation  of  this  measure,  and  a  rising 
vote  of  thanks  was  then  taken  as  a  mark  of  gratitude  to 
Professor  Miller  for  his  contribution  to  the  program. 

On  Friday,  June  6th,  at  the  conclusion  of  the  discussion 
on  the  presentation  by  Professor  A.  J.  Carlson,  a  rising  vote 
of  thanks  was  taken,  in  appreciation  of  the  very  interesting 
work  of  Dr.  Carlson,  the  opinion  being  generally  expressed 
that  wide  publicity  should  be  given  to  Dr.  Carlson's  presen- 
tation. 

At  the  close  of  the  scientific  session,  the  new  President, 
Dr.  Eugene  A.  Crockett  was  escorted  to  the  chair. 

The  meeting  then  stood  adjourned. 


J 


PRESIDENT'S  ADDRESS 

By  JOHN  B.  RAE,  M.  D.,  Xew  York  City. 

It  has  become  the  established  custom  for  your  Presi- 
dent to  address  the  Society  on  some  subject  of  Otological 
interest  at  the  opening-  of  the  annual  meeting  and  it  is  in 
observance  of  this  custom  that  the  following  brief  and  very 
general  remarks  are  offered. 

A  survey  of  the  otological  field  during  recent  years 
discloses  much  that  has  been  accomplished  and  also  sug- 
gests many  subjects  that  call  for  further  investigation. 
It  may  be  said  that  the  purely  surgical  side  of  otology  has 
made  great  advances  but  even  in  that  field  many  points 
still  call  for  more  exact  determination.  The  indications 
for  operation  in  acute  and  chronic  suppurative  conditions 
within  the  labyrinth  are  still  far  from  settled  and  can  only 
be  determined  as  the  results  of  individual  experience  can 
be  gathered  and  analyzed.  The  same  is  true  of  surgical 
treatment  of  otitic  meningitis. 

General  interest  has  been  aroused  within  the  last  few 
years  by  the  appearance  of  apparatus  for  accurately  meas- 
uring the  threshold  of  hearing  within  frequencies  up  to 
10,000  vibrations  per  second.  This  increased  interest  will 
doubtless  prove  of  great  benefit.  It  should  not  be  forgotten 
however,  that  the  general  principles  underlying  the  in- 
vestigation of  hearing,  are  not  at  all  changed  by  change 
in  apparatus.  In  order  to  appreciate  the  value  of  the  new 
method,  each  case  should  be  checked  up  by  the  older  tests, 
the  tuning  forks  and  Galton  whistle.  So  far  the  great 
lack  in  these  machines  has  been,  and  is,  the  inability  to 
test  bone  conduction  by  their  use. 

With  regard  to  otosclerosis  we  can  safely  assume 
that  the  pathology  of  the  disease  is  known.  Diagnosis  in 
many  cases  remains  uncertain  and  this  can  probably  be 
explained  by  the  fact  that  those  who  suffer  from  this 
disease   are    quite   liable    to    suffer    from   other    forms    of 


598  RAE. 

obstructive  deafness  or  also  be  the  victims  of  toxic  neuritis 
or  of  involvement  of  the  cochlea  by  the  otosclerotic  process 
itself.  These  varied  complications  will  present  functional 
pictures  which  may  be  quite  hard  to  interpret  and  explain. 

We  have  become  accustomed  to  accept  the  dictum  that 
otosclerosis  is  hereditary.  I  do  not  feel  at  all  certain  that 
this  is  so,  that  otosclerosis  is  hereditary  as  such.  May  it 
not  be  possible  that  the  hereditary  element  represents  a 
lack  or  excess  of  some  internal  secretion  which  in  its  turn 
determines  the  bone  changes  which  we  recognize  path- 
ologically as  otosclerosis.  We  seem  still  to  be  as  far  as 
ever  from  any  accurate  knowledge  of  the  etiology  of  this 
disease,  although  recent  advances  in  other  fields  of  medicine 
seem  to  promise,  at  present  in  a  vague  way,  the  elucidation 
of  this  problem. 

There  is  another  class  of  cases  which  seems  to  call 
rather  urgently  for  attention.  These  can  be  included  under 
the  name  of  toxic  neuritis.  Uncomplicated  cases  are  non- 
suppurative and  are  characterized  by  loss  of  hearing, 
varying  from  a  small  degree  to  almost  total  deafness. 
The  lowest  notes  of  the  scale  are  retained  in  a  typical  early 
case.  The  highest  notes  are  lost  and  bone  conduction  is 
diminished.  Tinnitus  if  present,  is  usually  high  pitched. 
Vertigo  may  or  may  not  be  complained  of. 

As  the  name  indicates  this  condition  is  the  result 
of  inflammation  of  the  auditory  nerve  due  to  absorption 
of  toxic  material  at  a  point  often  quite  remote  from  the 
parts  concerned  with  hearing.  The  source  of  the  toxin 
may  have  been  scarlet  fever,  measles,  diphtheria,  or  other 
disease  of  childhood,  syphilis,  drug  toxins  of  which  quinine 
is  a  good  example  and  under  which  latter  heading  occu- 
pational toxemias  may  also  be  classed.  Or  the  focus  may 
be  found  in  a  pus  collection  such  as  is  frequently  located 
in  teeth,  tonsils  or  accessory  sinuses.  It  should  not  be 
forgotten  that  gall  bladder,  intestinal  tract  or  other  organs 
may  equally  provide  the  causative  focus. 

The  pathological  changes  are  those  of  inflammation  in 
the    sheath   of   the    nerve   or   within    the    nerve    substance 
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itself.  There  is  serous  and  cellular  exudate  with  result- 
ing pressure  changes  followed  by  degenerative  processes, 
should  the  condition  be  sufficiently  prolonged  and  severe. 
Having  made  a  diagnosis  of  toxic  neuritis  it  is  quite 
obvious  that  our  line  of  attack  should  be  to  discover  and 
remove  the  source  of  infection.  But  various  general  con- 
siderations must  be  taken  into  account.  It  is  quite  im- 
portant to  know  if  the  loss  of  hearing  is  still  progressing. 
In  many  of  these  patients,  hearing  has  been  impaired  in 
early  life,  the  condition  is  non-progressive  and  the  patient 
himself  may  be  quite  unconscious  of  any  diminution  of 
hearing  ability.  He  considers  his  hearing  normal  and  may 
be  led  to  consult  the  otologist  on  account  of  some  entirely 
local  change  such  as  tubal  catarrh.  Functional  examina- 
tion reveals  diminished  bone  conduction  and  unless  due 
precautions  are  observed,  the  patient  is  likely  to  be  sub- 
mitted to  measures  which  to  say  the  least  of  it  will 
prove  of  little  benefit  to  the  sufferer.  In  such  cases 
it  is  wise  to  hasten  slowly,  treat  the  local  condition  and 
repeat  the  functional  examination  at  short  intervals.  In- 
cidentally it  is  the  opinion  of  the  writer  that  it  is  in  just 
this  class  of  case  that  we  obtain  satisfactory  results  from 
local  treatment  in  the  face  of  an  obvious  lesion  in  the 
receptive  mechanism. 

In  the  frankly  progressive  cases  of  toxic  neuritis  our 
apparent  duty  is  to  remove  every  recognized  pathological 
focus.  Here  also  however  one  must  proceed  with  circum- 
spection. Tonsils  must  be  examined  and  cultures  taken  if 
need  be.  Teeth  and  accessory  sinuses  should  be  X-rayed. 
The  services  of  the  internist  should  be  enlisted  and  careful 
complete  physical  examination  made.  It  is  hardly  neces- 
sary to  add  that  chemical  blood  examination  including  the 
Wassermann  is  also  called  for. 

Lastly  it  is  essential  that  the  patient  be  taken  into  our 
fullest  confidence  as  to  proposed  surgical  measures,  par- 
ticularly from  the  point  of  view  of  prognosis.  We  have 
at  our  command  in  estimating  the  outlook  for  improvement 
only  some  quite  general  considerations  such  as  the  degree 
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and  duration  of  impairment  of  hearing-  and  the  localization 
and  possibility  of  entire  removal  of  an  offending  focus. 
Rash  promises  of  better  hearing  should  be  avoided  but  the 
patient  should  be  encouraged  to  submit  to  clearly  indicated 
measures  not  only  in  the  hope  of  saving  hearing  but  also 
for  the  benefit  he  may  expect  in  general  health. 

Unless  some  such  precautions  are  taken  so  that  the 
patient  has  a  full  knowledge  of  our  own  intentions  and 
expectations  we  are  liable  to  bring  discredit  upon  our 
quite  well  intentioned  measures. 

These  very  general  remarks  are  offered  in  the  hope 
that  detailed  work  in  this  important  class  of  cases  may  be 
the  subject  of  discussion  before  the  Society  in  the  near 
future. 


CONSERVATIVE  TREATMENT  OF  THE  CHRONIC 
SUPPURATIVE  EAR. 

By  WILLIAM  HENRY  HASKIX,  M.   D..   New  York  City. 

I.    Pathology 

The  pathology  of  this  disease  owes  its  importance  to 
two  basal  factors,  the  first  being  histological,  the  second 
physical.  The  histological  factor  is  that  the  living  mucous 
membrane  of  the  middle  ear  is  at  the  same  time  the  perios- 
teum of  the  underlying  bone,  and  on  account  of  this  fact 
any  long  continued  injury  to  the  membrane  will  lead  to 
necrosis  of  the  underlying  bone.  The  physical  factor  is 
that  the  middle  ear  and  attic  form  a  very  irregular  space 
which  is  diflFicult  to  drain  in  most  cases.  A  comprehensive 
review  of  the  anatomy  and  topography  of  this  region  is 
given  by  Dr.  O.  T.  Freer.  He  shows  that  the  attic  offers 
poor  opportunity  for  drainage  as  it  is  built  up  in  three 
stories  or  compartments.  The  first  of  these  is  formed  by 
the  anterior  and  posterior  malleolar  folds,  with  the  anterior 
and  posterior  tympanic  recesses  or  pockets  created  by  them. 
The  second  story,  the  superior  tympanic  recess,  or  Prus- 
sak's  space,  rests  upon  these  two  pockets  and  its  roof  or 
pars  cupularis.  The  inner  attic  is  less  subdivided  as  it 
has  only  one  story,  but  nevertheless  it,  too,  may  be  a  partly 
confined  space  and  difficult  to  drain,  for  it  is  not  only  separa- 
ted from  the  outer  attic  by  the  superior  malleolar  incudal 
body  and  often  by  the  superior  malleolar  incudal  fold, 
but  many  have  merely  apertures  connecting  it  with  the 
mesotympanum  in  cases  in  which  a  large  chorda  fold, 
stapedial  fold  and  tensor  fold  exist. 

Thus  it  is  seen  that  while  the  mesotympanum  forms 
an  undivided,  single,  easily  drained  cavity  of  comparatively 
simple  form,  readily  opened  for  direct  drainage  if  the 
pars  tensa  of  the  membrana  tympani  be  perforated,  while 
the  attic  or  epitympanum  is  subdivided  into  a  number  of 
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compartments  with  easily  blocked  inter-communications 
and  communications  with  the  mesotympanum. 

When  inflamed,  the  normally  thin  mucous  membrane 
folds  forming  the  floor  and  partitions  of  the  attic  are 
capable  of  extreme  obstructive  swelling,  the  obstruction 
being  aggravated  by  false  membrane  and  pus  clots  :  thus 
the  normal  outlets  of  the  attic  into  the  mesotympanic 
cavity  may  become  wholly  or  partly  closed,  the  pent  up 
pus  being  dammed  back  into  the  tympanic  antrum  and 
mastoid  cells.  In  addition,  instead  of  having  merely  the 
tympanic  membrane  for  its  external  wall,  as  is  the  case 
with  the  mesotympanum,  the  attic  has  an  outer  wall  of 
bone,  so  that,  in  order  to  escape  into  the  external  auditory 
meatus,  pus  confined  in  the  attic  must  find  its  way  under- 
neath the  lower  margin  of  this  bony  wall,  that  is  under 
the  margo  tympanicus,  and  it  can  only  do  that  after  per- 
forating the  ligamentous  attic  floor,  finally  having  to 
burst  through  the  swollen  membrana  flaccida  above  or 
through  Prussak's  space  before  it  can  discharge  from  the 
ear.  Therefore,  epitympanic  perforations,  instead  of 
being  punched  out  holes,  as  they  are  in  the  pars  tensa, 
are  necessarily  fistulous  tracts  that  give  poor  drainage 
through  the  resistant  dense  tissue  encountered  and  are 
situated  high  up  above  the  processus  brevis. 

Chronic  attic  suppuration  occurs  in  two  types :  In  one, 
a  large  perforation  of  the  pars  tensa,  sometimes  involv- 
ing all  or  nearly  all  of  it,  exists ;  the  history  of  these  cases 
being  that  in  the  acute  suppurative  stage  the  attic  abscess, 
instead  of  perforating  the  meml^rana  flaccida,  has  drained 
into  the  mesotympanum  which  was  also  involved,  and  an 
extensive  destruction  of  the  pars  tensa  results.  The 
mucous  membrane  of  the  promontory  and  the  inner  wall 
of  the  middle  ear  appear  to  be  healthy  in  these  cases  but 
are  covered  with  a  moderate  or  slightly  foul,  mucopuru- 
lent secretion  coming  from  above,  the  fetor  remaining 
even  after  washing  or  cleansing  the  ear. 

In  the  other  type,  masses  of  sodden,  white  epithelium, 
so  called  cholesteatoma,  are  seen  to  fill  the  middle  ear  in 
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greater  or  less  amount,  in  some  cases  nature  seeming  to 
have   performed   a   complete    radical    operation. 

Before  analyzing  the  local  pathology  of  the  middle 
ear  and  mastoid,  we  must  consider  some  broad  facts.  It 
may  be  stated  that  practically  all  cases  of  Otitis  Media 
Purulenta  Chronica,  with  the  exception  of  the  tubercular 
and  the  syphilitic,  are  due  to  a  previous  invasion  through 
the  Eustachian  tube.  This  is  true  too,  of  the  acute  pro- 
cesses in  the  middle  ear,  but  in  the  cases  we  are  consider- 
ing, there  are  certain  general  and  local  conditions  that 
predispose  to  chronicity  from  the  onset.  The  general 
conditions  predisposing  are:  (1)  the  exanthemata,  espe- 
cially scarlet  fever  and  measles  which  often  lead  to 
extensive  destruction  in  a  short  time :  (2)  any  severe 
w'asting  disease  that  leads  to  lowering  of  the  tone  of 
the  tissues :  (3)  the  strumous  condition  where  there 
seems  to  be  some  element  lacking  in  the  tissues.  Local 
causes  are  such  as  the  following:  (1)  insufficient  drainage, 
as  through  a  small  perforation:  (2)  the  irregularities 
referred  to  above  where  we  have  a  thickened  mucous  mem- 
brane and  the  retention  of  products,  such  as  in  the  attic, 
etc.,  through  adhesions :  (3)  the  presence  of  small  cells, 
easily  occluded  in  the  antrum  of  the  mastoid,  the  so-called 
antral  cells,  which  undergo  sclerosis,  prevent  drainage  of 
the  mastoid  and  thus  keep  up  the  middle  ear  discharge. 
Other  local  causes  predisposing  to  chronic  suppuration  are, 
of  course,  those  having  their  origin  in  the  nasopharynx, 
occurring  especially  in  the  young,  and  due  probably  to 
infected  lympoid  tissue.  This  would  include  diseases  of 
dentition,  catarrh,  pansinusitis. 

Should  the  primary  attack  or  repeated  acute  attacks  be 
only  moderate  in  duration  and  intensity,  areas  of  normal 
epithelium  will  soon  reappear  and  with  the  cessation  of 
the  attack,  will  restore  the  cavity  and  thus  recovery  will 
ensue.  In  such  cases  there  is  probably  not  even  a  per- 
iostitis present,  but  simply  a  superficial  inflammation  of 
the  mucous  membrane.  This  is  the  ideal  condition.  If, 
however,  the  cause   continues  to  operate   with  continued 
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hyperemia,  sepsis  and  discharge,  the  epitheHum  will  under- 
go changes,  assuming  the  squamous  type.  These  changes 
are  due  to  constant  irritation,  probably  from  the  cryptic 
products  of  dead  leucocytes  and  bacterial  toxins,  or  from 
the  extension  inwards  of  epidermis.  Should  these  squamous 
cells  accumulate,  a  cholesteatomatous  process  is  established, 
which  usually,  sooner  or  later  involves  the  antrum,  and 
eventually  the  mastoid,  and  this  is  usually  accompanied 
by  marked  thickening  of  the  mucoperiosteum.  So  long  as 
a  cholesteatoma  remains  free  from  reinfection,  it  may  cause 
no  symptoms,  although  usually  it  is  a  progressive  con- 
dition, and  becomes  infected,  or  the  pressure  of  the  accumu- 
lating mass  will  cause  absorption  of  the  surrounding  bone 
by  pressure. 

Reversely,  should  excessive  and  rapid  desquamation 
cease  and  the  scales  find  a  ready  exit,  the  antro-tympanic 
cavity  will  retain  its  thin  squamous  lining,  but  owing  to 
excessive  transudation  of  lymph  and  imperfect  drainage 
it  will  remain  constantly  moist  and  become  a  typical  "sep- 
tic tank"  containing  an  albuminous  fluid,  a  suitable  media 
for  bacterial  growth.  Such  a  condition  will  be  dealt  with 
under  the  bacteriology. 

Should  the  inflammatory  activity  in  the  muco-perios- 
teum  continue,  a  chronic  exudative  process  is  established, 
such  a  condition  being  characterized  by  increased  swelling 
of  the  membrane,  most  marked  around  the  fenestra,  the 
ossicles,  the  opening  of  the  Eustachian  tube,  and  the 
aditus  and  antri,  which  eventually  gives  rise  to  a  low 
grade  granulation  tissue.  It  is  to  the  obliteration  of  the 
fossula  rotunda  and  the  pelvis  oralis  by  such  tissue  that 
such  marked  deafness  supervenes  in  some  cases.  When 
this  is  locally  accentuated  in  the  shape  of  pedunculated 
masses  and  polypi,  we  may  suspect  that  there  is  a  true 
necrosis  present.  The  discharge  in  such  cases  is  very 
characteristic,  being  marked  by  the  presence  of  leucocytes, 
old  and  new  polymorphonuclear  and  large  mononuclear 
cells,  with  a  high  percentage  of  lymphocytes,  whose 
presence  is  strong  evidence  of  the  existence  of  granulation 
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tissue.  Endothelial  cells,  plasmocytes,  and  a  small  number 
of  phagocytes  may  also  be  seen  with  all  types  of  bacteria. 
If  this  condition  persists,  the  bone  is  sure  to  be  sooner  or 
later  implicated,  because  as  pointed  out  above,  the  bone  is 
dependent  on  the  mucoperiosteum  for  its  nutrition.  Very 
often  again  here  we  have  a  suitable  media  for  the  formation 
of  cholesteatoma.  This  type  is  at  all  times  liable  to  acute 
exacerbations  owing  to  reinfection  from  the  nasopharynx 
with  the  ordinary  pyogenic  organisms,  especially  the 
hemolytic  streptococcus  and  the  pneumococcus,  and  thus 
explaining  the  mixture  of  organisms  found  in  such  cases. 
The  discharge  changes  in  character,  assuming  that  of  an 
acute  suppuration  with  excess  of  new  polymorphonuclear 
leucocytes  and  phagocytes : — phagocytosis  in  such  cases 
very  often  approximating  to  that  in  the  acute  infections. 
Owing  to  extension  and  intensification  of  the  process,  the 
surrounding  bone  is  almost  sure  to  be  involved,  especially 
the  cancellous  areas  in  front  of  and  behind  the  labyrinth, 
and,  of  course,  the  mastoid. 

With  regard  to  the  osseous  lesions,  they  vary  widely 
in  situation,  extent  and  type.  Whenever  granulations  are 
persistent,  bare  bone  is  usually  present.  If  due  to  caries 
it  probably  will  show  the  bone  to  be  rough,  spongy  and 
painful,  while  a  firmer,  smoother  surface  will  be  sug- 
gestive of  death  in  mass  or  necrosis,  thus  approximating 
the  condition  found  in  acute  suppuration  of  severe  intensity. 
Necrotic  bone  also  yields  a  greater  factor  in  the  discharge, 
but  the  cytological  changes  are  more  marked  in  acute 
osteomyelitis  in  the  shape  of  myelocytes.  Caries  will 
often  be  found  in  the  ossicles,  tegmen  tympani.  tegmen 
antri,  sigmoid  groove,  antrum  and  the  adjacent  part  of 
the  mastoid,  and  in  the  cancellous  bone  behind  the  labyrinth. 
It  may  also,  of  course,  extend  to  the  adjacent  parts  and 
give  us  the  usual  complications. 

Thus  a  knowledge  of  the  nature  of  the  discharge  is 
of  no  small  value,  but  is  practically  indispensible. 
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II.     Bacteriology 

The  big  question  here  is  to  know  what  part  the  various 
bacteria  play  in  the  production  and  the  persistence  of  such 
a  condition.  Undoubtedly,  the  majority  of  cases  are  caused 
primarily  by  the  pyogenic  bacteria,  the  original  organisms 
being  Streptococcus  hemolyticus,  the  various  groups  of 
pneumococci.  the  staphylococci  and  the  tubercle  bacillus. 
Other  factors,  enumerated  in  the  pathology  above,  tend  to 
keep  up  the  infection.  The  exact  influence  of  microor- 
ganisms in  the  induction  of  chronicity  is  still  an  open 
(|uestion.  It  may  be  stated  as  follows  :  the  acute  attack  or 
attacks  are  due  to  the  above  organisms.  Then  other  ele- 
ments predispose  to  chronicity.  The  complications  such  as 
brain  abscess,  sinus  thrombosis,  etc.  are  due  again  to  the 
above  organisms.  There  is  one  type  of  case,  not  usually 
recognized,  due  to  constant  reinfection  of  the  middle  ear 
from  the  nasopharynx,  which  gives  us  the  "septic  tank" 
referred  to  above.  The  discharge  is  very  profuse,  very 
thick  and  ropy,  and  seemingly  inexhaustable.  The  proper 
care  of  the  nose  and  throat  will  clear  these  cases  u]) 
almost  miraculously  and  yet  this  is  the  type  often  operated 
on  for  radical  mastoid.  In  such  cases  there  is  usually  no 
true  necrosis  of  bone,  the  pathological  change  consisting 
of  a  thickened  mucoperiosteum,  due  to  constant  irritation, 
and  when  the  cause  is  removed  the  condition  improves. 
The  discharge  in  such  a  condition  is  highly  typical,  very 
profuse,  opaque,  intensely  fetid,  containing  swarms  of  the 
various  mouth  organisms.  There  is  an  entire  absence  of 
leucocytes,  however,  and  cytologically  the  findings  consist 
of  a  few  squames. 

Special  mention  should  be  made  of  tuberculosis  of  the 
middle  ear.  The  secretion  in  tubercular  ears  is  generally 
very  profuse  and  like  real  pus,  and  has  the  characteristic 
sweetish,  acrid  odor  found  in  other  discharges  from  this 
disease.  There  is  no  excuse  in  these  days  for  not  identify- 
ing the  true  nature  of  the  disease  if  there  is  a  laboratory 
that    is    fairly    equipped   within    reach,    for    with    Petroff's 
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media,  which  was  the  origfinal  media  used  at  the  Man- 
hattan Eye  and  Ear  Hospital  by  Dr.  Dwyer  in  our  first 
case,  and  with  Miller's  later  media,  made  from  the  spleen 
and  lymphatic  glands  of  animals,  it  is  easy  to  get  a  growth 
in  from  ten  to  twenty  days,  and  in  many  cases  it  is  easy  to 
find  the  bacilli  from  the  secretion  itself  after  it  has  been 
treated   by  antiformin  and   then   stained. 

One  must  always  bear  in  mind  the  fact  that  in  all  long 
standing  cases  of  discharge  there  is  an  actual  change  in  the 
ephithelial  lining  of  both  the  canal  and  the  middle  ear,  the 
squamous  cell  replacing  all  other  types  so  that  a  true 
anatomical  cure  never  is  obtained.  There  is  always  a  ten- 
dency to  the  formation  of  a  dry  scale  throughout  the  canal 
and  it  is  very  often  a  most  annoying  condition  causing  in- 
tense itching  and  when  it  forms  over  the  membrana 
tympana  it  causes  a  marked  degree  of  deafness  which 
disappears  on  lifting  the  scale  away.  This  same  condition 
will  always  be  found  in  all  radical  operation  wounds. 

With  this  brief  outline  of  the  anatomy,  pathology  and 
bacteriology  we  will  take  up  the  conservative  methods  of 
treatment  and  I  will  introduce  here  what  others  have  been 
advocating  in  recent  years  with  abstracts  of  the  writers' 
views. 

Ionization' 

This  method  has  been  advocated  by  A.  R.  Friel,  A.  G. 
Wells,  H.  L.  Warwick,  J.  B.  Kantoer,  Stephen  Young  of 
Edinburgh,  Jose  Maria  Barajas  y  de  Vilches  of  Madrid,  all 
of  whom  follow  the  method  of  Dr.  A.  R.  Friel,  which  is 
given  in  abstract  from  an  article  in  the  Lancet,  March 
3.  1923. 

"Zinc  Ionization  in  Treatment  of  Chronic  Suppurative 
Otitis  Media:  This  treatment  has  an  advocate  in 
A.  R.  Friel.  To  determine  which  cases  of  chronic 
otorrhea  are  suitable  for  the  application  of  this  method 
of  treatment  we  have  to  decide  on  the  cause  of  the 
chronicitv  : 
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1.  Is  this  due  in  any  particular  case  to  the  irritation 
of  septic  fluid  in  the  ear? 

2.  Is  it  possible  to  fill  the  entire  cavity  containing 
the  septic  fluid  with  zinc  solution,  or  is  a  portion  of 
the  cavity  inaccessible  without  operation? 

3.  Is  there  any  factor  in  addition  to  sepsis  respon- 
sible for  the  continuance  of  the  suppuration,  such  as 
polypi,  or  granulations,  or  cholesteatoma? 

4.  Are  areas — the  nasopharynx,  nose  and  mouth- 
which  communicate  with  the  ear,  in  a  septic  condition? 
This  would  make  reinfection  of  the  ear  almost  inevita- 
ble and  a  continuance  or  a  recurrence  of  the  discharge 
almost  unavoidable. 

Zinc  ionization  is  an  antiseptic  method  of  treatment, 
and  if  we  are  to  form  our  judgment  by  the  results  ob- 
tained in  cases  theoretically  suitable  we  are  bound  to  admit 
that  it  is  efificacious.  Friel  estimates  that  the  percentage 
of  cases  of  chronic  otorrhea  in  children  due  to  simple  tym- 
panic sepsis  is  approximately  50  per  cent.  These  cases  can 
be  cured  in  two  or  three  visits.  In  a  further  25  per  cent., 
the  otorrhea  is  kept  up  by  sepsis  with  polypi  or  granula- 
tions, or  with  muco-purulent  rhinitis,  or  inflamed  tonsils. 
In  these  cases,  it  is  desirable  to  convert  the  dual  or  triple 
condition  of  sepsis  plus  polypi,  or  sepsis  plus  rhinitis,  etc., 
into  the  single  condition,  sepsis,  before  attempting  to 
sterilize  the  middle  ear  by  ionization.  These  patients  will 
require  on  an  average  from  six  to  eight  visits.  The  remain- 
ing 25  per  cent  are  those  in  whom  there  is  sepsis  in  a  posi- 
tion where  it  is  not  possible  to  introduce  the  zinc  solution 
without  some  form  of  operation.  These  include  most  of 
the  mastoid  and  attic  cases. 

With  regard  to  the  question  of  enlarged  tonsils  and 
adenoids  favoring  the  continuance  of  otorrhea,  the  writer 
has  observed  at  the  ionization  clinics  many  patients  in 
whom  the  tonsils  and  adenoids  have  been  removed  without 
cessation  of  the  otorrhea,  and  in  whom  ionization  readily 
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produced  a  cure.  Frequently  other  individuals  are  cured 
by  ionization  alone,  although  there  is  moderate  enlarge'- 
ment  of  the  tonsils.  A  small  number  of  cases  of  otorrhea 
with  mucopurulent  rhinitis  or  inflamed  tonsils  are  seen, 
and  in  these  ionization  of  the  ear  without  treatment  of  the 
nose  or  throat  seldom  effects  a  cure.  Friel  does  not  believe 
from  experience  that  moderate  enlargement  of  the  tonsils 
or  a  moderate  degree  of  adenoids  apart  from  inflamma- 
tion, prevents  the  cure  of  the  otorrhea  by  ionization,  or  has 
any  considerable  influence  in  causing  a  recurrence  of  the 
discharge." 

The  writer  has  never  had  occasion  to  use  this  method 
which  has  been  used  by  the  dental  profession  for  years  in 
the  attempt  to  sterilize  the  root  canals.  l)ut.  judging  from 
a  careful  study  of  the  voluminous  literature  that  has  ap- 
]ieared  in  their  journals,  it  has  not  been  successful.  Of 
late  iodin  has  been  substituted  for  the  zinc  sulphate  that 
has  been  used  and  this  would  seem  to  be  much  more  ra- 
tional when  the  value  of  iodin  as  a  bactericide  and  also  as  a 
great  tissue  builder  is  remembered.  Lugol's  solution  is 
used  and  the  current  is  reversed  from  that  when  zinc  is  tieed, 
the  negative  pole  being  placed  in  the  solution  and  the  posi- 
tive pole  being  on  the  wrist.  No  mention  of  the  use  of  iodin 
in  ionization  of  the  ear  has  appeared  but  it  would  seem  to 
be  well  worth  trying. 

Aniline  Dyes 

Many  years  ago  Dr.  H.  Holbrook  Curtis  recommended 
methylene  blue  as  almost  a  sure  cure.  After  drying  the  ear 
with  cotton  he  blew  in  a  small  quanity  of  the  powder.  The 
writer  saw  several  of  these  cases  after  Dr.  Curtis  had  re- 
tired and  there  was  no  question  but  that  they  had  remained 
dry  over  long  periods.  The  great  objection  appeared  to  be 
in  the  staining  of  all  tissues  which  persisted  for  many 
Vv-eeks  and  obliterated  all  landmarks. 

Recently  Dr.  J.  G.  Callison  has  recommended  a  solution 
of  mercurochrome  to  be  used  by  the  patient.  He  states  that 
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a  watery  solution  should  not  be  used  and  gives  the  follow- 
ing formula  which  will  not  cause  caking  in  the  canal. 

Mercurochrome-220  gm.     I 

Water  CC       70 

Glycerin  CC       30 

Alcohol  100 

Misc.  ft.  sol. 

SIG.    5    drops    in    the  ear    after    irrigation    with 

iDoric  solution,  wipe  out  after  five  minutes. 

He  states  that  the  stain  can  be  removed  with  ordinary 
vinegar  or  a  weak  solution  of  acetic  acid. 

AcRI-VlOLET 

Dr.  Abraham  reported  on  this  drug  at  the  meeting  of 
the  Triological  Society  in  St.  Louis  and  it  would  seem  that 
it  will  prove  to  be  the  best  of  the  analine  dyes  yet  offered. 
It  is  the  result  of  extensive  experimental  work  on  the  part 
of  Prof.  J.  W.  Churchman  and  is  a  combination  of  gen- 
tian violet  which  destroys  all  Gram  positive  bacteria  with 
acriflavine  which  acts  upon  the  Gram  negative  bacteria. 
It  is  used  in  water  solution  and  is  put  out  in  tablet  form, 
each  tablet  when  dissolved  in  one  ounce  of  tap  water  mak- 
ing a  1-250  solution,  this  being  the  strength  recommended 
for  use.  It  is  recommended  especially  in  acute  infections 
and  can  be  applied  as  a  spray  or  on  applicators  and  the 
stain  can  be  removed  with  vinegar  or  with  a  3%  sol.  in 
alcohol. 

The  writer  has  used  a  solution  which  was  found  to  be 
the  most  perfect  bactericide  of  many  tested  by  the  National 
Dental  Research  Laboratory  and  found  it  very  satisfactory 
except  for  the  inevitable  stain : 


Berwick's  Sol. 

Chrystal  violet 

§rr- 

V 

Brilliant  green 

gr- 

V 

50%  alcohol 

oz. 

I 
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Whether  bacteria  have  much  influence  in  keeping  up 
the  discharge  in  most  chronic  cases  is  very  doubtful,  except 
in  acute  exacerbations,  hence  the  use  of  these  dyes  does  not 
seem  to  be  rational  and  it  is  very  probable  that  the  chief 
l)enefit  is  derived  from  the  alcoholic  content  which  dries 
the  tissues  and  stimulates  a  return  to  healthy  condition. 

Bismuth  and  Iodoform 

Dr.  F.  Stokes,  in  the  August  2nd  Lancet.  1919 
strongly  advocates  insufflation  of  equal  parts  of  these 
drugs  after  carefully  drying  the  canal,  but  the  disagreeable 
odor  and  the  danger  of  caking  of  masses  in  the  ear  and  can- 
al do  not  appeal  to  the  w^riter. 

Suction  Treatment 

It  is  gratifying  to  the  writer  to  note  that  Dr.  Ery 
Luscher  in  the  Berne  Clinic,  and  W.  Stuart-Low,  in  Eng- 
land, and  also  Dr.  J.  Kirkendall  of  Ithaca.  X.  V..  all  re- 
commend use  of  the  suction  pump  in  the  treatment  of  all 
(otorrheas. 

In  1910  the  writer  presented  his  views  on  the  value  of 
suction  before  this  Society  after  using  it  for  many  years 
and  they  have  never  changed.  In  his  hands  suction  is  the 
one  great  sheet  anchor  in  handling  all  cases  of  purulent 
secretion  wherever  found.  In  the  ear  it  is  the  only  method 
by  which  one  can  really  clean  the  canal  and  the  tympanic 
cavity  of  secretions  of  all  sorts  without  distressing  the 
])atient  if  reasonable  care  is  used  and  when  once  this  is  done 
the  application  of  any  medication  will  actually  reach  the 
diseased  membranes. 

Yankauer  Operation 

Much  was  hoped  for  when  this  operation  was  first 
brought  forward  but  it  has  not  been  mentioned  for  years 
and  it  probably  did  not  prove  to  be  the  sure  cure  that  was 
expected. 
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Vaccines 

In  the  Travaux  Scientifiques,  of  Dr.  C.  Portman  for 
1924,  the  conclusions  of  four  articles  on  the  value  of  vac- 
cines in  otology  are  given.  They  all  agree  that  the  auto- 
genous vaccine  is  of  greatest  value  in  the  chronic  cases 
whereas  the  stock  vaccine  accomplished  the  results  in 
acute  cases. 

Recently  it  has  been  discovered  that  a  filtrate  of  bouil- 
lon cultures  when  applied  locally  will  cause  a  disappearance 
of  all  bacteria  in  very  short  order  and  much  is  expected 
from  further  investigation  along  this  line.  It  is  an  interest- 
ing fact  that  these  filtrates  are  absolutely  sterile  them- 
selves and  that  bacteria  will  not  grow  in  them. 

In  tuberculosis  of  the  ear  tuberculin  should  always  be 
administered  beginning  with  infinitesimal  doses  and  grad- 
ually increasing  them,  carrying  on  this  treatment  for  a  long 
period  of  time,  with  weekly  intervals  between  doses.  This 
treatment  is  of  great  value  in  the  after  care  of  mastoids 
in  tubercular  children. 

In  the  Am.  Journal  of  Surgery,  July.  1914,  the  writer 
reported  the  results  obtained  by  him  with  vaccines  on  a 
series  of  cases  following  the  lines  given  by  Dr.  Nagle  of 
Boston,  and  he  has  continued  their  use  in  all  obstinate 
cases  with  about  the  same  results,  some  responding  won- 
derfully and  some  with  no  results,  in  spite  of  which  he  feels 
that  they  should  always  be  given  for  more  than  50%  are 
undoubtedly  benefitted. 

Ossiculectomy 

This  operation  has  proven  of  great  value  in  a  great 
many  cases  and  should  always  be  resorted  to  whenever 
definite  caries  of  the  ossicles  can  be  demonstrated  and 
when  they,  with  their  bands  of  adhesions  and  ligamental 
folds  act  as  an  obstruction  to  the  proper  drainage  of  the 
attic  and  antrum.  .1  have  always  been  content  with  the 
removal  of  the  malleus  and  incus  and  have  not  removed 
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any  of  the  annulus  or  canal  wall  as  advocated  by  some. 
Given  a  canal  of  reasonable  size  and  fairly  straight  these 
ossicles  can  be  removed  under  local  anesthesia  with  the 
patient  in  the  upright  position  for  there  is  but  little  hem- 
orrage  and  this  can  easily  be  removed  with  a  small  catheter 
on  a  suction  apparatus  of  any  sort.  The  chief  thing  to  be 
sure  of  before  attempting  this  procedure  is  to  be  sure  that 
your  instruments  are  really  in  perfect  condition  with  cut- 
ting edges  that  will  cut  and  not  tear  through  the  tissues 
and  cause  traumatism  where  it  should  be  avoided. 

The  results  have  been  satisfactory  in  the  majority  of 
cases  both  on  the  discharge  and  frequently  on  the  hearing. 

With  the  foregoing  outline  of  methods  of  treatment 
it  is  interesting  to  review  the  many  articles  which  have 
appeared  on  this  subject  if  one  had  time  to  do  it. 

Dr.  Borden,  writing  in  1920,  on  The  Classification  of 
Otitis  Media,  which  appeared  in  the  Am.  Journal  of  Surgery 
seemed  to  be  rather  pessimistic  as  to  the  cures  of  chronic 
suppurations  except  by  the  radical  method. 

On  the  other  hand,  Dr.  Bozer,  in  the  Annals  of  O. 
R.  &  L..  March,  1923.  reports  the  results  of  conservative 
treatment  of  190  cases  at  the  Mayo  Clinic  and  gives  50% 
cures  and  many  others  benefitted.  He  calls  especial  at- 
tention to  the  reinfection  that  occurs  from  improper  blow- 
ing of  the  nose  which  Dr.  Lillie  describes  in  his  paper  on 
tuborrhoea. 

It  has  been  a  very  difficult  problem  to  determine  just 
what  to  say  on  the  subject  assigned  to  me  by  5'our  Presi- 
dent so  the  preceding  remarks  have  been  gathered  as 
showing  what  others  are  doing  in  these  cases.  Now  for 
ray  personal  observations  covering  29  years  of  work,  most- 
ly at  the  Manhattan  Eye  and  Ear  Hosp.  In  1915  I  tabu- 
lated all  cases  seen  by  me  up  to  date  and  found  that  I  had 
seen  over  800  cases  of  suppurative  ears  and  that  I  had  only 
operated  upon  21  for  the  radical  mastoid. 

In  all  of  my  private  practice  I  have  never  done  a  radical 
mastoid  and  cannot  recall  a  single  case  that  I  have  ever  had 
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cause  to  regret  not  doing  so.  You  may  realize  from  the 
above  statements,  which  you  can  verify  if  you  wish  to  take 
the  time,  why  it  is  that  the  conservative  methods  appeal 
to  yours  truly.  There  is  no  question  whatever  that  very 
serious  complications  can  and  do  arise  in  the  course  of 
chronic  suppurations  in  a  great  many  cases  but  it  has  been 
my  great  good  fortune  not  to  have  to  experience  them 
often  and  never  in  my  private  work. 

I  think  we  will  all  agree  that  the  removal  of  adenoids 
and  tonsils  when  diseased  is  imperative  in  all  ear  diseases 
and  that  all  cases  of  nasal  pan-sinusitis  should  be  very 
carefully  treated  because  of  the  grave  danger  that  exists 
in  those  cases  from  that  condition  alone,  but  if  the  patients 
are  taught  not  to  blow  their  noses  too  hard  it  is  doubtful 
whether  the  pansinusitis  has  much  influence  on  the  cure  of 
the  suppurative  ear.  The  ruthless  slaughter  of  the  poor  tur- 
l^inate,  spur  and  deflected  septum  which  may  be  causing 
some  obstruction  to  breathing  is  utterly  wrong  and  abso- 
lutely uncalled  for  in  the  great  majority  of  these  cases 
which  we  are  considering,  that  is  in  the  oi)inion  of  the 
writer  judging  from  his  own  personal  experience  in  over 
1000  cases.  He  thoroughly  agrees  with  Dr.  Shambaugh, 
v/hen  he  states  in  a  paper  on  Otitis  Media  Suppurative 
Chronica  which  appeared  in  the  Wisconsin  Med.  Jour.,  of 
Fel^ruary.  1921.  that  "he  has  never  seen  a  case  in  which 
there  was  any  evidence  supporting  the  view  that  intrana- 
sal obstruction  has  any  unfavorable  influence  upon  the 
disease  of  the  middle  ear. 

A  careful  study  of  the  secretions  should  always  be 
made  in  order  to  determine  whether  caries  is  present, 
whether  tuberculosis  is  the  cause,  whether  the  discharge 
is  mostly  mucoid  in  character  indicating  tubal  and  mem- 
l)ranous  disease  and  to  determine  just  where  the  discharge 
is  coming  from.  Merely  washing  the  canal  is  not  sufficient 
for  one  can  never  actually  dry  the  canal  and  tympanum  with 
cotton  applicators.  Irrigation  is  useful  in  securing  the 
secretions  for  examination  but  after  this  is  done  the  re- 
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niainiiig  secretion  should  be  removed  with  a  small  catheter 
on  a  suction  pump  and  then  suction  through  a  close  fitting 
Siegle  otoscope  will  reveal  where  the  secretion  is  coming 
from.  It  is  interesting  to  note  that  an  examination  of  the 
first  secretions  from  the  canal  will  often  give  no  informa- 
tion as  to  the  bacterial  infection,  whereas  the  secretions 
drawn  down  by  the  otoscope  will  almost  always  give  defi- 
nite growths  of  pathogenic  bacteria. 

The  X-Ray  is  not  very  reliable  in  long  standing  cases 
of  suppuration  but  it  will  reveal  the  presence  of  fairly 
large  masses  of  cholesteatoma  and  when  the  secretion  is 
very  abundant  and  is  purulent  it  will  at  times  show  necro- 
tic masses  of  bone  and  sometimes  will  reveal  areas  of 
actual  destruction  of  the  mastoid  cortex.  It  will  also  give 
a  picture  of  the  size  of  the  mastoid  and  one  can  generally 
tell  whether  the  disease  has  existed  from  childhood  as  these 
cases  will  be  found  sclerotic  in  type  and  infantile  in  size. 
This  conclusion  has  been  the  result  of  studying  a  long 
series  of  cases  with  Dr.  Law,  an  X-Ray  having  been 
taken  of  the  cases  in  our  series  of  vaccine  cases,  and  it 
bears  out  W'ittmaack's  conclusions  in  his  studies  of  the 
pneumatization  of  the  mastoid. 

Polypi  have  always  been  removed  very  carefully  with 
a  snare,  constriction  being  applied  slowly  and  the  stumps 
lieing  touched  with  a  strong  silver  nitrate  solution  to  seal 
the  raw  surface.  No  complication  has  ever  been  encoun- 
tered in  this  procedure  altho  it  is  necessary  to  remove 
several  growths  at  different  times  before  the  tympanum 
is  cleared,  in  some  cases. 

When  there  is  a  great  thickening  of  all  the  mem- 
branes silver  nitrate  solutions  are  often  sufficient  but  care 
must  be  taken  not  to  allow  the  strong  solutions  to  get  too 
near  the  facial  canal  and  cause  paralysis  of  the  nerve. 
xA.ctive  cultures  of  the  l^acillus  Bulgaricus  placed  in  the 
canal  and  kept  there  for  twenty  minutes  or  more  at  a  time 
often  will  give  remarkable  results  in  restoring  a  healthy 
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condition  of  the  membrane  as  reported  in  a  short  article  by 
the  writer  in  the  Annals  of  O.  R.  &  L.,  March.  1911. 

Caries  of  the  ossicles  calls  for  their  removal  when 
possible  but  areas  of  caries  can  often  be  cleared  by  the  use 
of  enzymol  with  its  dilute  hydrochloric  acid  component. 
This  solution  should  also  be  used  for  periods  of  twenty 
minutes  or  more  twice  a  day,  the  canal  being  filled  and 
the  patient  recumbent  with  the  ear  up. 

When  the  tube  is  found  to  be  active  in  the  production 
of  the  discharge,  much  can  be  done  by  irrigation  through 
the  tube  from  the  ear  with  solutions  of  argyrol  or  of  neo- 
silvol.  This  can  be  done  by  placing  the  solution  in  the  tym- 
panum and  forcing  it  through  with  pressure  through  the 
Siegel  otoscope  until  it  reaches  the  pharynx.  These  are 
the  cases  where  removal  of  adenoids  and  tonsils  is  gener- 
ally indicated  and  the  patient  should  be  instructed  about 
the  danger  of  blowing  secretions  out  from  the  nose. 

As  stated  in  the  report  on  vaccines  mentioned  before, 
the  personal  element  seems  to  play  an  important  part  in  the 
successful  care  of  the  cases.  After  gaining  the  full  con- 
fidence of  the  patients  they  should  be  made  to  fully  realize 
the  dangers  that  may  result  from  neglect  on  their  part  and 
they  should  be  advised  to  see  their  otologist  at  least  once  in 
three  months  even  though  the  ear  appears  to  remain  dry, 
for  dry  scabs  will  generally  form  in  that  time  and  if  they 
are  removed  soon  enough'  the  recurring  discharges  will  not 
occur,  the  discharge  being  due  to  the  irritation*  caused  by 
their  accumulation  which  in  time  sets  up  inflammation  in 
the  covered  tissue  in  an  eiTort  to  throw  off  the  irritant. 

Watery  solutions  have  been  discarded  for  a  long  time 
except  when  a  competent  nurse  is  in  attendance  for  the  one 
essential  thing  we  strive  for  is  to  keep  the  area  dry  and 
this  will  not  be  accomplished  when  these  solutions  are  used 
owing  to  the  great  difificulty  in  drying  the  tympanum  which 
we  find  even  with  a  speculum  in  place  and  with  perfect 
light. 

\\'ater  causes  cholesteatoma  to  SAvell  and  thus  block 
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the  secretions  in  the  deeper  areas  and  this  has  undoubt- 
edly frequently  been  the  cause  of  very  serious  complica- 
tions. 

Alcohol  will  dissolve  these  masses  and  when  used  with 
equal  parts  of  hydrogen  peroxide,  filling  the  canal  and 
retaining  for  fifteen  minutes  at  a  time,  much  benefit  gen- 
erally follows.  The  removal  of  every  particle  of  debris  that 
can  be  reached  is  important  and  is  facilitated  greatly  by 
a  dental  instrument,  an  excavator,  that  seems  to  have  just 
the  right  angle  to  reach  hidden  corners.  It  is  remarkable 
what  relief  is  obtained  after  thoro  removal  is  obtained  and 
in  many  cases  by  delicate  manipulation  a  complete  cast 
of  the  canal  membrane  can  be  removed  even  from  the 
remains  of  the  membrane  itself  and  from  the  deep  pockets 
above  the  ossicles. 

In  a  few  words  the  method  of  treatment  that  has  been 
so  successful  in  my  hands  is,  first,  remove  all  secretions 
with  suction,  instruments  for  elevating  the  dry  masses  and 
then  with  a  curved  alligator  forceps ;  careful  sterilization 
with  75%  alcohol ;  drying  with  a  current  of  air  of  low  pres- 
sure and  not  too  long  application  to  produce  vertigo  and 
then  dusting  the  cavity  with  a  mixture  of  equal  parts  of 
nosophen  and  compound  stearate  of  zinc. 

This  powder  should  be  omitted  at  the  last  treatment 
after  all  secretion  has  ceased. 

It  is  hardly  necessary  to  say  that  every  effort  should  be 
made  to  put  the  patient  in  the  1)est  general  condition 
possible,  cod  liver  oil  and  iodide  of  iron  being  especially 
valuable  with  most  children  and  arsenic  can  be  added  in  the 
older  cases  with  value. 


THE  OPERATIVE  TREATMENT  OF  CHRONIC 
OTORRHEA. 

By  JOHX  RANDOLPH  PAGE,  M.   D.,   New  York  City. 

There  continues  to  exist  between  otologists  who  incline 
to  surgical  treatment  of  chronic  otorrhea  and  those  who  do 
not  a  difference  of  opinion  that  is  not  inexplicable.  It  is 
perplexing,  however,  to  the  layman  that  surgeons  equally 
skillful  and  inclined  to  operative  treatment  should  differ 
widely  on  the  type  of  operation  best  suited  for  a  particular 
case. 

Not  withstanding  this,  and  Mr.  Cheatle's^^^  statement 
that  the  presence  of  adenoids  is  of  doubtful  importance  in 
the  etiology  of  chronic  otorrhea  because  Turner  found  them 
in  only  47^  of  his  cases,  it  is  safe  to  state  that  the  one 
thing  generally  conceded  is  that  success  in  the  so-called 
non-operative  as  well  as  the  operative  treatment  depends 
very  considerably  on  the  removal  of  the  predisposing  causes 
of  otorrhea  in  the  nose  and  throat.  The  removal  of 
adenoids  and  diseased  tonsils,  and  as  far  as  possible  nasal 
and  sinus  infections,  is  regarded  generally  as  a  necessary 
preliminary  measure  in  all  treatment. 

Cheatle  is  credited  with  the  statement  that  could 
measles  and  scarlet  fever  be  abolished  chronic  middle  ear 
suppuration  would  l)e  comparatively  rare  and  (quoting 
from  a  published  abstract  of  his  paper)  (1)  "that  the  reason 
why  an  acute  pyogenic  infection  of  the  middle  ear  tract 
causes  a  chronic  discharge  is  anatomic,  for  in  about  20^  of 
all  persons  male  and  female  throughout  life,  there  are  no 
cells  extending  from  the  middle  ear  tract  to  the  mastoid 
process  or  neighboring  structures,  and  that  X-ray,  post- 
mortem examinations  and  operations  on  cases  of  chronic 
middle  ear  suppuration  show  that  this  type  of  bone  is 
present  in  nearly  all  cases,  or  that  there  is  slight  cellular 
development,  the  cells  having  thick  and  dense  walls.  When 
the  middle  ear  tract,  including  the  antrum,  is  infected  under 
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these  conditions,  there  cannot  be  any  signs  referable  to 
the  mastoid  process,  for  the  outer  antral  wall  cannot  be 
penetrated,  nor  the  mastoid  process  reached.  If  complete 
resolution,  and  intracranial  or  labyrinthine  complications  do 
not  occur,  the  acute  stage  subsides,  giving  place  to  a  chronic 
condition,  with  destruction  of  the  ossicles  and  other  parts, 
and   an   offensive   discharge    from   the    ear." 

This  anatomical  arrangement,  observed  by  Mr.  Cheatle, 
is  regarded  by  advocates  of  ossiculectomy  as  strong  support 
for  their  stand.  He  is  further  reported  as  saying,  "If  in 
cases  of  acute  middle  ear  suppuration,  the  discharge  per- 
sists for  six  weeks,  or  if  it  recurs  after  apparently  ceasing, 
it  is  well  to  undertake  an  operation  the  extent  of  which 
must  depend  on  conditions  existing  in  each  case.  If  there 
is  doubt,  simple  but  thorough  opening  and  cleaning  of  the 
antrum  and  any  mastoid  cells  that  may  be  found  should  be 
given  a  fair  trial,  the  radical  operation  being  performed 
later,  if  necessary." 

Postponing  the  radical  operation  meets  the  approval 
of  those  interested  in  performing  the  modified  radical  or 
so-called  conservative  mastoid  operation,  but  in  cases  of 
acute  middle  ear  suppuration,  such  as  he  refers  to.  the 
situation  is  safely  solved  by  early  operation  on  the  mas- 
toid. The  indication  for  operation  being  determined  by 
the  fimdus  signs  and  not  by  the  duration  of  the  suppura- 
tion. 

The  amount  of  destruction  that  can  occur  insidiously 
in  six  weeks  is  too  great  to  set  any  such  time  for  delay 
in  operating  to  prevent  the  necessity  for  a  radical  opera- 
tion. That  a  great  many  otologists  are  satisfied  to  watch 
acute  cases  for  as  long  as  six  weeks  without  operating  is 
evidenced  by  the  number  of  chronic  otorrheas  that  develop 
under  such  treatment.  Whether  in  the -first  week  or  the 
sixth,  a  widening  perforation  in  the  drum  membrane  can 
better  be  stopped  by  operation  on  the  mastoid  than  in  any 
other  way.  The  duration  of  the  condition  does  not  indi- 
cate the  type  of  operation  to  be  performed  for  its  relief  for 
the  reason  that  the  degree  of  destruction  depends  on  the 
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character  of  the  infection,  the  individuals  resistance  to  it, 
and  the  anatomy  of  the  part,  as  Mr,  Cheatle  explains,  rather 
than  to  the  duration  of  the  disease. 

From  the  operator's  standpoint,  therefore,  no  sharp 
distinction  is  made  between  acute,  subacute  and  chronic 
cases,  for  it  is  possible  that  the  same  operation  may  be 
indicated  on  all  of  them,  or  a  different  operation  on  each 
as  the  case  may  be. 

This  opinion  is  not  held  by  those  who  have  settled 
down  to  two  operations  for  otorrhea,  the  simple  mastoidec- 
tomy and  the  radical,  and  are  not  interested  in  any  modi- 
fication of  either. 

It  is  not  necessary  to  refer  extensively  to  the  mass  of 
literature  on  operations  for  the  relief  of  otorrhea,  but  it 
is  worth  while  to  invite  attention  to  Dr.  G.  L.  Richards^^) 
careful  description  of  the  Heath,  Bondy  and  Seibenmann 
operations  in  the  Annals  of  Otology,  September,  1911,  and 
to  quote  extensively  from  his  article.  The  papers  on  the 
same  subject  read  at  the  Ninth  International  Congress^^^  in 
Boston  by  Mr.  Heath  and  others  and  the  frank  discussion 
of  them  are  well  remembered,  and  interesting  to  review 
after  twelve  years. 

Among  them  was  Yankauer's  original  contribution  on 
"The  Conservative  Treatment  of  Chronic  Aural  Suppura- 
tion" in  which  he  advocates,  because  of  reinfection  from 
the  nasopharynx,  closure  of  the  Eustachian  tube  after  the 
method  he  ingeniously  devised  and  described  in  1910.  A 
favorable  impression  was  gained  by  this  carefully  prepared 
article  and  by  the  detailed  description  of  his  operation 
published  in  1910. (■*>  Yet,  judging  from  hospital  records  at 
the  two  largest  institutions  in  New  York  comparatively 
few  have  tried  the  operation  in  a  sufficient  number  of  cases 
to  judge  its  value.  The  majority  of  us  seem  to  have  tried 
it  on  two  or  three  cases  shortly  after  the  article  was  pub- 
lished, and  notwithstanding  the  author's  statement  that 
the  tube  is  not  always  closed  after  the  first  curettement, 
and  that  a  second  and  even  a  third  curetting  may  be  re- 
quired, lost  track  of  the  cases  after  a  short  time.     Within 
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the  past  two  years,  however,  in  private  practice  I  have 
performed  this  operation  twice  with  the  removal  of  diseased 
tonsils  and  small  adenoids  from  persons  in  middle 
life  who  had  intermittently  discharging  ear  since  child- 
hood. In  both  cases  the  drum  membranes  were  practically 
absent  and  the  hearing  poor,  with  otorrhea  that  had  per- 
sisted for  several  months  previously  in  spite  of  treatment 
elsewhere.  As  the  first  case  looked  to  be  what  Yankauer 
calls  "a  membranous  case"  operation  for  the  closure  of  the 
tube  was  suggested  as  a  simple  procedure  that  could  be 
performed  at  the  time  the  tonsils  were  removed.  Accord- 
ingly at  that  time,  under  general  anesthesia,  the  tube  was 
carefully  and  thoroughly  curetted,  and  a  wick  of  gauze 
was  placed  down  to  the  internal  wall  of  the  tympanum  and 
changed  daily  for  two  or  three  days.  The  discharge  stopped 
in  this  case  almost  immediately  and  has  not  recurred  since. 
The  second  case,  a  man  nearly  fifty,  had  only  a  remnant  of 
drum  membrane  in  the  lower  posterior  quadrant  and  a 
small  polyp  in  the  tympanum  that  bled  and  came  away  on 
the  applicator.  No  ossicles  could  be  seen  and  there  were 
granulations  on  the  internal  wall.  His  labyrinth  was  active 
but  his  hearing  was  poor,  and  he  was  referred  to  me  for 
a  radical  operation.  Removal  of  the  infected  tonsils  was 
suggested  as  a  preliminary  procedure,  and  later  curettement 
of  his  Eustachian  tube  as  being  easy  to  perform  at  the 
time  of  the  tonsil  operation,  and  worth  trying  as  there  was 
no  marginal  perforation  leading  to  necrosed  bone  or  evi- 
dence of  cholesteatoma  in  the  attic.  The  tonsils  were  re- 
moved and  the  Yankauer  operation  performed.  No  irri- 
gations were  used  and  there  was  no  discharge  after  the 
first  week.  A  note  nine  months  after  the  operation  read, 
"No  sign  of  granulation  in  the  tympanum.  No  odor.  No 
moisture.  No  appearance  of  redness  but  a  dry,  dermatized 
internal  wall.  What  remains  of  the  drum  membrane  is 
hard  and  white."  The  question  immediately  arises,  how 
much  had  the  Yankauer  operation  to  do  with  the  result 
and  how  much  the  removal  of  the  tonsils? 

With  the  exception  of  two  modified  radicals  in  which 
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the  tubes  were  curetted,  these  two  cases  with  the  three 
done  years  ago  and  lost  track  of  comprise  my  whole  ex- 
perience with  the  Yankauer  operation.  Nevertheless,  it 
is  sufficiently  successful  to  justify  further  trial  of  it  on 
similar  cases. 

My  acquaintance  with  the  other  tympanic  operation, 
ossiculectomy,  as  performed  through  the  external  auditory 
canal  is  also  too  limited  to  justify  discussion  from  the 
standpoint  of  personal  experience.  Few  were  being  per- 
formed at  the  New  York  Eye  and  Ear  Infirmary,  even 
twenty  years  ago,  for  it  was  then  the  heydey  of  radical 
operation,  and  I  sat  at  the  feet  of  those  more  inclined  to 
the  radical  as  a  cure  for  chronic  otorrhea  than  ossiculec- 
tomy. 

While  all  can  point  to  some  excellent  results  from 
ossiculectomy,  the  significant  fact  remains  that  in  New 
York,  certainly,  the  operation  is  now  rarely  performed. 
One  only  is  recorded  at  the  Manhattan  Hospital  in  the 
past  ten  years,  and  none  at  the  New  York  Eye  and  Ear 
Infirmary.  There  may  have  been  a  few  performed  in  the 
out  patient  departments  of  both  places  and  not  recorded, 
but  of  this  I  cannot  be  sure.  Ossiculectomy  is  rarely  per- 
formed in  New  York,  not,  as  may  be  the  case  in  Yankauer's 
operation,  because  the  procedure  has  not  had  a  fair  trial 
in  properly  selected  cases,  for  the  operation  was  performed 
very  generally  over  a  long  period  of  years.  George  Tobey 
of  Boston  informs  me  that  he  still  finds  occasion  to  per- 
form it,  and  does  so  with  satisfactory  results.  While  he 
operates  through  the  canal  he  extends  the  usual  procedure 
by  widening  the  aditus  with  a  beaked  curette  and  gives 
drainage  and  access  to  the  antrum   through  the  canal. 

The  status  of  ossiculectomy  is  well  expressed  by  Ker- 
rison^s)  ^^o  says,  "The  indications  for  this  operation  cannot 
be  reduced  to  exact  statement.  There  is  no  possible  means 
of  determining  definitely,  in  any  case  of  chronic  middle  ear 
suppuration  of  long  standing,  that  areas  of  necrosis  or 
foci  of  infection  do  not  exist  in  regions  beyond  the  reach 
of  surgical  measures  confined  to  the  tympanic  vault.     The 
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value  of  ossiculectomy  must,  therefore,  depend  very  largely 
upon  the  experience  and  judgment  of  the  individual 
surgeon." 

Operation  through  the  mastoid  within  the  past  two 
months  on  two  cases  of  chronic  otorrhea  of  seven  and  five 
years  duration  respectively  in  patients  12  and  14  years  of 
age  revealed  the  most  unexpected  involvement  of  the  whole 
mastoid.  A  large  perisinus  abscess  in  one  and  in  the  other 
a  large  abscess  in  the  bone  without  solution  of  the  inner 
plate. 

While  such  cases  are  somewhat  exceptional,  and  there 
may  be  in  a  large  percentage  of  cases  little  cellular  struct- 
ure in  the  mastoid  around  the  antrum,  as  Mr.  Cheatle 
shows,  the  bone  itself  in  this  region,  while  not  macroscopi- 
cally  involved,  is  often  sufficiently  affected  by  prolonged 
contact  with  disease  to  cause  it  to  retard  indefinitely 
healthy  repair  from  its  surface.  For  the  same  reason  that 
the  Stacke  operation  has  been  largely  supplanted  by  the 
Schwartz-Stacke,  ossiculectomy  through  the  canal  may 
well  be  supplanted,  if  performed  at  all,  by  ossiculectomy 
through  the  mastoid  route  in  order  that  the  uncertainty 
that  always  exists  regarding  the  bone  in  that  region  may 
be  removed,  and  opportunity  afforded  for  better  observa- 
tion of  the  ossicles  themselves  to  determine  more  definitely 
the  advisability  for  their  removal.  Heath's  operation  falls 
short  in  a  large  percentage  of  cases  because  he  does  not 
advocate  thorough  exenteration  of  the  mastoid.  Plummet's 
and  Mosher's^*^  report  of  the  after-treatment  of  the  cases 
operated  on  by  him  at  the  time  of  the  meeting  in  Boston 
shows  this  by  the  tendency  in  them  to  form  exuberant  and 
flabby  granulations ;  evidence  of  infection  in  the  bone  more 
often  than,  as  might  be  claimed,  evidence  of  careless  dress- 
ing. 

In  the  Heath  operation  as  in  the  Stacke  there  is  little  to 
be  gained  by  conserving  bone  in  the  mastoid  at  the  risk  of 
uncertainty  in  healing  when  the  uncertainty,  at  least  in 
that  locality,  can  be  removed  by  exenterating  the  mastoid. 

The  modified  radical,  or  so-called  "conservative  mas- 
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toid  operation"  of  Bondy  as  described  b/  George  L 
Richards  is  the  same  operation  as  that  performed  by 
Blackwell/"^^  John  D.  Richards  and  others,  myself  included, 
on  cases  in  which  on  opening  the  mastoid  the  appearance 
of  the  attic  and  tympanum  is  such  that  the  disease  in  this 
region  seems  removable  with  a  fair  chance  of  recovery 
without  proceeding  further  to  a  complete  radical  mastoid. 

With  danger  to  life  from  bone  necrosis  removed,  the 
operator  can  in  many  cases,  without  disappointment  to 
his  patient,,  stop  short  of  the  radical  operation  with  the 
idea  of  conserving  structure  useful  to  function  even  though 
complete  assurance  cannot  be  given  that  the  more  radical 
operation  will  not  have  to  be  performed  later. 

The  pathology  in  all  chronic  otorrheas  is  not  the  same. 
It,  therefore,  seems  reasonable  to  suit  the  operation  to 
the  condition  found  and  not  to  settle  down  to  two  opera- 
tions, the  simple  mastoid  and  the  radical,  as  some  who 
have  mastered  these  operations  seem  inclined  to  do.  When 
ossicles  have  to  be  removed  there  is  less  to  be  gained  in 
avoiding  the  complete  radical  operation  than  when  they 
are  intact  or  are  but  slightly  involved,  and  ossiculectomy 
without  the  radical  operation  is  rarely  advisable.  From 
the  standpoint  of  danger  to  the  patient,  it  is  not  the  disease 
of  the  ossicles  themselves  that  is  the  menace  but  the  disease 
that  is  around  them,  and  when  this  is  removed  and  both 
drainage  and  ventilation  of  the  region  is  supplied  time  can 
1)6  allowed  for  the  ossicles  themselves  to  cicatrize,  without 
great  danger  or  disturbance  to  the  patient. 

Unless  the  ossicles  are  severely  affected  it  depends  on 
the  condition  of  the  tympanum,  and  on  how  well  the  area 
around  the  ossicles  can  be  exposed  and  made  accessible  to 
treatment  whether  or  not  they  should  be  removed  and  the 
radical  mastoid  performed.  Mr.  Heath's  opinion,  according 
to  Richards  is.  "that  if  cholesteatoma  be  present  the  ear  is 
doomed  and  the  radical  mastoid  operation  must  be  per- 
formed, as  he  has  never  seen  cessation  of  suppuration  with 
cholesteatoma   incompletely   removed    from    the    attic." 

That  the  attic  can  be  well  exposed  and  cholesteatoma 
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removed  from  it  leaving  the  ossicles  intact  and  but  slightly 
affected  is  shown  by  a  case  presented  before  the  Xew 
York  Otological  Society  in  March.  This  case,  and  two 
others  operated  on  since  then,  bear  out  the  experience  of 
Bondy  and  Blackwell  in  regard  to  the  removal  of  choles- 
teatoma through  full  exposure  of  the  attic. 

Although  not  in  any  way  concerned  with  the  modified 
radical  operation.  Dr.  MacCuen  Smith^^^  in  his  article  on 
"Otitic  Cholesteatoma"  states  that  he  is  inclined  to  think 
that  his  treatment  with  acriflavine  and  mercurochrome 
"does  seem  not  only  to  inhibit  the  formation  of  cholestea- 
toma but  acts  almost  as  a  specific  against  its  recurrence 
after  thorough  removal."  The  cases  referred  to  by  me 
were  not  treated  with  acriflavine  or  mercurochrome,  but 
with  frequent  irrigations  of  "Zonite,"  a  solution  of  sodium 
hypochlorite   similar   to   Dakin's   Solution. 

Richards  says,  the  indications  for  Bondy 's  operation 
are  "'Hearing  distance  before  the  operation  of  two 
meters  or  more  provided  that  it  is  probable  that  there 
is  a  continuity  of  the  ossicular  chain  and  that  the 
middle  ear  cavity  is  itself  not  diseased,  or  but  slightly. 
It  is  especially  indicated  where  the  perforation  is 
limited  to  Shrapnel's  membrane,  the  drum  membrane 
intact  and  the  hearing  good."  "The  resulting  cavity, 
except  as  regards  the  presence  of  the  drum  membrane  and 
the  ossicles,  has  the  same  relationship  as  after  the  typical 
radical  operation."  In  his  description  of  the  operation  he 
says.  "The  bridge  is  made  as  thin  as  possible,"  referring 
doubtless  to  the  bridge  over  the  aditus.  In  the  cases  of 
cholesteatoma  just  referred  to  on  which  I  operated  the 
bridge  was  entirely  removed  as  it  was  in  the  cases  re- 
ported by  Blackwell.  Richards  gives  Bondy  as  authority 
for  the  statement  that  "support  of  the  drum  membrane  in 
the  region  of  the  Revinian  fissure  depends  not  upon  bone 
l5ut  upon  ligaments,  and  that  cutting  away  the  lateral  wall 
of  the  attic  in  no  way  affects  this  support."  According  to 
him  also  Neumann  and  Alexander  disagree  with  Bondy. 
Neumann  says  that  in  four-fifths  of  the  cases  saving  of  the 
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ossicles  serves  no  useful  purpose  as  the  continuity  of  the 
ossicular  chain  is  broken  by  disease  in  the  large  majority 
of  cases,  and  Alexander  thinks  the  results  in  hearing  are 
no  better  after  what  he  terms  the  "attic  antreactomy"  than 
after  the  radical  operation.  My  clinical  experience  does 
not  coincide  with  this  nor  does  what  I  have  seen  of  Black- 
well's  results, 

A  large  perforation  in  the  drum  membrane  and  an 
open  Eustachian  tube  is  not  a  cause  for  danger  to  the 
patient,  but  a  nuisance  because  of  intermittent  or  even 
constant  mucoid  discharge.  When  disease  has  been  re- 
moved from  the  attic  and  mastoid  regeneration  from  even 
a  remnant  of  drum  membrane  cannot  be  disregarded  as 
a  possibility.  The  article  on  "Regeneration  of  the  Mem- 
brana  Tympani"  by  Dr.  Coates  is  encouraging  in  this  re- 
spect.^^^  Where  the  perforation  is  small  complete  cica- 
tricial closing  of  the  membrane  takes  place  sufficiently 
often  to  well  warrant  the  trial.  If,  after  a  reasonable  time, 
discharge  from  the  tubal  region  persists  the  Yankauer 
operation  for  closure  of  the  tube  can  be  tried,  although  it 
was  Yankauer's  observation  that  regeneration  of  the  drum 
membrane  is  not  apt  to  occur  with  a  closed  tube,  and  in 
cases  where  the  hearing  is  good  the  operation  may  be  of 
doubtful  value. 

In  operations  where  the  attic  is  not  severely  involved 
and  where  restoration  of  the  drum  membrane  is  probable, 
it  is  advisable  not  to  allow  dermatization  of  a  large  cavity 
in  the  region  of  the  antrum  because  of  the  tendency  in  it 
later  to  accumulate  epithelial  debris  and  cerumen.  For 
this  reason  a  limited  flap  is  turned  up,  and  the  cavity  is 
encouraged  to  fill  with  healthy  granulations.  This  does 
not  mean,  however,  that  exuberant,  flabby  granulations 
are  allowed  to  develop.  In  constructing  the  meatus,  in 
most  of  these  cases  it  has  seemed  advisable  not  to  reflect 
a  skin  flap  as  in  the  radical  operation,  but  to  cut  most  of 
it  away  and  rely  on  dermatization  from  that  part  of  the 
canal  lining  near  the  drum  membrane  or  its  remnant. 
Regarding   full   exposure   of   the   ossicles ;   beginning  with 
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lli<i  removal  of  the  bridge  over  the  aditiis.  what  Blackwell 
calls  the  epi-tynipanic  ring  where  there  is  doubt  about 
the  severity  of  the  involvement  in  this  region  experience 
inclines  one  to  take  away  this  bone  and  make  a  full  ex- 
posure, for  we  have  foand  like  Blackwell  and  Bondy  that 
it  is  unnecessary  as  a  support  for  the  membrane  and  func- 
tion seems  not  to  be  appreciably  affected  by  its  removal. 

Opinion  is  so  divided  among  men  of  equal  reputation 
as  operators,  and  among  writers  on  the  treatment  of 
chronic  otorrhea,  that  it  serves  no  good  purpose  to  set 
these  opinions  one  against  the  other.  A  frank  statement 
of  my  own  convictions  is  summed  up  in  the  working  plan 
for  treatment  of  these  cases  submitted  by  me  for  trial  to 
the  members  of  the  clinic  under  my  charge  at  the  Man- 
hattan Eye,  Ear  and  Throat  Hospital. 

Plan  of  Treatment  for  Different  Types  of  Sub-Acute 
AND  Chronic  Suppurative  Otitis  Media 

Refer  those  cases  w'ith  adenoids  and  tonsils  for  im- 
mediate operation  and  impress  on  them  the  importance  of 
returning  afterwards  for  regular  treatment.  After  cleans- 
ing treatment  of  the  ear  has  been  fairly  tried  discourage 
those  that  may  be  better  helped  by  operation  on  the  mas- 
toid from  coming  back  indefinitely  for  cleansing  treat- 
ment and  drops.  Record  in  this  book  before  every  opera- 
tion, under  each  case,  functional  test  for  comparison  later. 

In  the  following  types  of  cases  consider  the  following 
operations ; 

1 — Cases  in  which  the  acute  signs  of  mastoiditis  have  sub- 
sided but  in  which  discharge  continues  through  a 
pouting  or  widening  perforation. 

Operation — Exenterate  the  mastoid  to  prevent  deafness 
and   chronic   otorrhea. 

2 — In   similar   cases   in   which   there   is   also   inflammatory 
atresia  of  canal  that  might  later  interfere  with  access 
to  the  drum. 
Operation — Exenterate     the     mastoid    and    lower    the 


H28  PAGE. 

posterior  wall  to  the  annulus  and  construct  a  new 
meatus  with  closure  of  the  posterior  wound. 

3 — Cases  which  have  continuous  or  intermittent  discharge 
through  perforations  that  show  no  tendency  to  heal 
despite  attention  to  the  nose  and  throat,  cleansing 
treatment,  etc. 

Operation — Exenterate  the  mastoid  and  lower  the 
posterior  wall  to  the  annulus,  widening  the  aditus 
according  to  the  condition  found,  and  construct  a  new 
meatus. 

4 — In  cases  where  there  is  a  varying  amount  of  drum 
membrane  left  and  sufficient  hearing  to  warrant  an 
attempt  to  preserve  or  improve  it. 
Operation — Same  as  No.  3  with  further  widening  of 
the  aditus  and  removal  of  the  external  attic  wall  and, 
depending  on  the  degree  of  the  involvement  of  the 
attic  and  tympanum,  removal  of  the  epi-tympanic  bridge 
etc.  Even  in  cases  where  there  has  been  great  de- 
struction of  the  drum  membrane  and  marked  changes  in 
the  tympanum,  provided  danger  to  the  patient  can  be 
eliminated,  try  the  conservative  operation  and  allow 
time  for  regeneration  of  the  drum  membrane  or  the 
formation  of  cicatricial  membranes  to  wall  off  the  tube 
and  affect  a  dry  tympanum. 

If,  after  fair  trial,  otorrhea  still  persists  due  ob- 
viously from  its  salivary  and  mucoid  character,  to 
tubal  communication  with  the  nasopharynx  the  Yank- 
auer  operation  for  closure  of  the  tube  may  be  tried 
according  to  the  technique  described  by  its  author. 

5 — Finally,  on  those  cases  that  have  been  unsuccessfully 
treated  by  such  conservative  methods  and  those  that 
are  found  at  operation  to  warrant  it,  perform  the  radi- 
cal operation  with  complete  exenteration  of  the  mas- 
toid and  special  widening  of  the  tympanum  to  facili- 
tate after  treatment  and  keep  the  tubal  region  well 
in  view. 
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Discussion 

Dr.  Charles  R.  C.  Borden,  Boston :  I  saw  Dr.  Haskin's 
paper  several  weeks  ago  and  I  studied  it  very  carefully 
and  prepared  my  discussion,  but  the  last  speaker  has  upset 
my  discussion.  The  paper  which  I  wrote  in  1921,  and  to 
which  Dr.  Haskin  referred,  was  one  in  which  I  tried  to 
differentiate  two  types  of  chronic  purulent  otitis: — (1)  the 
type  of  intermittent  disease,  and,  (2)  the  type  with  con- 
tinuous discharge,  treated  non-surgically.  I  think  both 
speakers  have  treated  the  subject  very  broadly,  but  they 
have  considered  that  all  chronic  otitis  cases  discharge 
continually,  but  they  don't  all  do  it.  For  instance,  we  see 
many  cases  in  this  climate  with  periods  of  discharge  that 
last  for  weeks,  months  or  even  years,  and  then  due  to 
favorable  weather  conditions,  or  improved  physical  condi- 
tions the  discharge  ceases.  That  type  of  case  may  be 
benefited.  Another  type  of  case  caused  my  optimistic 
view.     Dr.  Shambausrh  made  a   statement  some  time  aero 
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in  which  he  said  he  had  never  seen  any  good  come  from 
intranasal  or  pharyngeal  surgery.  All  the  younger  men  in 
Boston  are  sorry  to  hear  two  leaders  in  our  Society  make 
that  statement.  They  feel  this  is  a  primary  cause  of  this 
lesion  and  that  it  is  no  use  to  treat  a  discharging  ear  that  is 
coincidently  l^eing  reinfected.  All  methods  given  for  treat- 
ment may  be  successful  unless  the  primary  cause  is  dor- 
mant in  the  nose  and  throat,  and  in  that  case  the  discharge 
will  begin  all  over  again.  We  were  taught  by  the  late 
Dr.  G.  A.  Leland  that  this  was  an  important  part  of  the 
treatment  of  chronic  otitis  media.  I  have  seen  many  dis- 
charging ears  after  successful  operation  on  the  nose  and 
throat,  automatically  dry  up  without  any  treatment  of  the 
middle  ear. 

Dr.  Ewing  W.  Day,  Pittsburgh :  This  subject  is  likely 
to  make  discussion  fast  and  snappy.  In  treating  these 
cases  of  chronic  otorrhea  we  have  two  objects,  (1)  first  to 
overcome  the  discharge  and  stop  infection;  second;  to 
preserve  the  hearing. 

When  one  has  opportunity  to  observe  the  changes  in 
the  heads  of  a  large  clinic  one  notes  that  when  a  man  has 
grown  old  in  the  work  the  amount  of  operating  gradually 
decreases,  but  as  soon  as  the  head  of  a  department  has 
changed  there  is  a  revival  of  operating.  This .  may  be 
accounted  for  by  two  factors :  first  the  natural  laziness 
of  increasing  age ;  secondly,  the  change  in  view  point. 

I  am  glad  to  hear  Dr.  Borden  differentiate  the  two 
types  of  chronic  ear  as  (1)  intermittent,  (2)  continuous. 
1  must  agree  with  the  remarks  attributed  to  Dr.  Shambaugh 
in  regard  to  the  surgery  of  the  nose  and  throat.  Infections 
do  often  go  from  the  throat  into  the  ear,  but  why  go  at  the 
throat  in  Chronic  Purulent  Otitis?  Why  not  stop  the  path- 
way? I  do  not  believe  we  have  given  Dr.  Yankauer  the 
credit  he  deserves  or  given  his  method  a  fair  trial.  The 
pathway  is  in  the  Eustachian  tvibe.  We  forget  that  there 
is  more  to  the  throat  than  tonsils  and  adenoids  and  we  for- 
get   that   we   can   try   to   close   the   tube    and   cut    off   the 
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pathway  of  infection  to  the  ear.  The  only  objection  to 
that  is  that  after  the  tube  is  closed  there  may  be  no  regen- 
eration of  the  membrane.  For  the  past  three  years,  in  cases 
of  intermittent  discharge  of  the  ear,  or  where  the  patient 
refused  to  have  a  larger  operation  performed,  I  have  tried 
to  close  off  the  tube  by  the  Yankauer  method.  This  pro- 
cedure is  sometimes  successful,  and  sometimes  not.  I 
have  added  to  Yankauer's  method  the  cauterizing  of  the 
pharyngeal  end  of  the  tube.  I  have  taken  the  Yankauer 
speculum  and  with  a  large  bead  of  silver  nitrate  at  the  end 
of  the  silver  probe  I  have  cauterized  as  far  up  the  tube  as 
the  probe  will  go  on  the  pharyngeal  end,  and  in  75  per  cent 
of  cases  have  succeeded  in  getting  a  closed  tube,  I  don't 
know  which  end.  whether  going  up  from  the  pharyngeal  end 
or  going  down  to  the  bony  part.  The  result  is  that  the 
intermittent  cases  usually  do  clear  up.  It  is  not  necessary 
to  turn  a  fifteen  inch  gun  on  every  ear  that  does  not  clear 
up.  In  selected  cases  milder  means  than  a  radical  operation 
will  often  succeed.  In  regard  to  the  ossicular  chain, — I 
still  remove  ossicles  when  I  think  the  chain  itself  is  mainly 
at  fault,  acting  as  a  dam  to  i)ack  up  drainage  or  from 
necrosis  of  the  head  of  the  malleus  or  incus.  You  have 
everything  to  win  by  this  operation  and  nothing  to  lose, 
because  if  you  have  to  do  a  radical  operation  afterwards 
you  would  have  to  do  ossiculectomy  anyway. 

As  regards  the  Heath  operation,  I  am  not  so  enthusi- 
astic. I  believe  you  can  get  as  good  hearing  after  a  radi- 
cal operation  as  you  can  from  the  Heath  operation,  or 
modifications  of  the  Heath.  I  was  surprised  in  going  over 
the  cases  which  come  back  once  a  year  for  inspection  to 
find  cases  where  the  patients  tell  you  that  they  have  no 
hearing,  that  they  could  get  whisper  ranging  up  to  15  feet, 
in  the  operated  ear  to  ordinary  conversation  voice 
at  three  feet  in  the  lowest.  There  has  been  too  much  of 
a  tendency  to  treating  an  ear,  and  then  if  it  does  not  re- 
spond immediately,  to  jump  to  the  radical  operation.  There 
are  intermittent  steps  which  will  give  results. 

When  it  is  a  question  of  cholesteatoma  in  the  attic  I 
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don't  l)elieve  anything  will  take  the  place  of  a  radical,  but 
I  am  doing  less  radicals  than  I  did  15  years  ago  and  I  think 
it  is  the  same  with  other  members. 

Dr.  Eugene  A.  Crockett,  Boston :  There  are  several 
points  which  Dr.  Haskin  brought  out  which  I  agree  with. 
One  is  in  regard  to  tuberculosis  of  the  ear.  We  don't 
realize  how  relatively  often  this  is  a  cause  of  chronic  middle 
ear  suppuration.  Ten  years  ago  I  put  all  cases  of  dis- 
charge in  children  under  15,  through  guinea  pigs  and  in 
about  75  per  cent  of  the  cases  there  was  tuberculosis  of 
the  guniea  pig,  showing  that  this  is  a  common  cause  of 
chronic  middle  ear  suppuration  in  childhood.  This  is  not 
seen  so  much  in  private  cases  as  in  hospital  practice,  but 
it  can  be  found  in  private  cases  also.  These  cases  do  not 
differ  clinically  from  the  other  chronic  suppurations  of 
childhood. 

I  think  Dr.  Borden  is  up  against  it,  because  he  has  to 
add  to  Haskin,  Drs.  Shambaugh,  Day  and  Cheatle.  Per- 
sonally I  can  not  see  any  result  from  taking  out  adenoids, 
tonsils  and  deflected  septa  in  cases  of  chronic  suppurative 
ear.  I  was  asked  to  read  over  a  paper  of  a  young  man  at 
the  Eye  and  Ear  Hospital,  on  the  subject.  The  percentage 
quoted  as  recovering  after  adenoid  and  tonsil  operation 
was  about  what  I  would  expect  it  to  be  without  each  opera- 
tion and  the  percentage  of  failures  was  what  I  see  in  or- 
dinary cases  of  childhood  suppuration.  I  couldn't  see  that 
taking  adenoids  out  had  lessened  infection  to  any  material 
extent  after  the  operation  had  been  done. 

I  agree  with  the  speakers  except  Dr.  Page.  I  think 
we  have  allowed  ossiculectomy  to  fall  into  disuse  to  the 
detriment  of  our  patients.  I  believe  it  should  be  tried 
in  chronic  suppurative  cases  with  large  perforation  and 
manifest  necrosis  of  the  ossicles.  Combining  ossiculectomy 
with  the  Yankauer  operation  we  have  an  excellent  pro- 
cedure which  is  successful  in  many  cases.  The  percentage 
of  failures  will  fall  if  we  follow  this  technic  in  chronic 
suppuration. 
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I  agree  with  Dr.  Day  that  if  you  shut  off  the  Eustach- 
ian tube  it  does  not  matter  what  condition  is  in  the  pharynx 
or  in  the  nose  and  the  result  in  hearing  is  very  much  better. 

I  have  come  down  in  hospital  and  private  practice  to 
do  radical  operations  in  extreme  cases,  such  as  showed 
distinct  symptoms  of  oncoming  intracranial  involvement 
or  labyrinthine  involvement,  as  shown  by  Barany  tests,  or 
cases  with  persistent  vertigo  or  spontaneous  nystagmus, 
or  with  a  definite  type  of  headache  showing  intracranial 
complications.  I  believe  Dr.  Haskin  would  do  a  radical  mas- 
toid operation  on  cases  of  this  sort  as  soon  as  seen.  Ex- 
cepting for  these  cases  we  should  do  all  the  conservative 
measures  in  our  power  to  bring  chronic  suppuration  to  a 
close.  I  believe  the  conservative  methods  of  Dr.  Haskin 
and  the  Yankauer  operation  will  eliminate  radical  opera- 
tions in  a  great  many  cases,  and  also  eliminate  the  necessity 
of  pharyngeal  operation  except  there  is  manifestly  another 
lesion  there  which  needs  attention. 

Dr.  Perry  G.  Goldsmith.  Toronto.  Canada :  I  would 
like  to  say  a  word  on  Zinc  Ionization.  Friel  used  Ioniza- 
tion in  chronic  suppuration  of  the  tympanic  mucosa  and 
in  sinus  and  middle  ear  suppuration,  and  showed  cases  at 
the  meeting  of  the  Royal  Society  of  Medicine,  Dr.  J.  S. 
Eraser  (Edinburgh)  and  Dr.  Dan.  MacKenzie  (London) 
tried  it  and  the  general  consensus  of  opinion  was  that  when 
the  disease  is  not  associated  with  necrosis  of  the  ossicles 
or  bony  walls.  Ionization  will  cure  this  more  easily  and 
more  quickly  than  other  measures.  I  have  had  cases 
which  have  given  rapid  and  surprising  results  with  Ioniza- 
tion where  the  disease  was  confined  to  the  tympanic  mucosa. 
In  chronic  suppurating  ear  cases.  I  think  a  differentiation 
should  be  made  between  hospital  patients  and  private  cases. 

If  I  understood  Dr.  Page  rightly,  he  said  if  the  chronic 
ear  cases  do  not  get  well  he  operates  on  the  mastoid.  That 
is  not  conservative  surgery,  and  I  do  not  think  that  we 
should  adopt  that  attitude.  I  think  many  of  these  cases 
might  get  well  if  they  had  proper  attention.     Out  patients 
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can  not  get  sufiicient  personal  attention.  We  ought  not 
to  let  the  dictum  go  out  from  this  Society,  that  if  the 
patients  have  ears  that  continue  to  discharge,  they  should 
have  a  radical  operation. 

The  practice  of  Mr.  Heath  does  not  represent  the 
considered  judgment  of  British  otologists.  They  admire 
his  persistance  in  persuading  them,  but  they  do  not  follow 
his  methods.  He  has  done  one  thing  and  that  is  in  teaching 
the  importance  of  preservation  of  hearing.  Mr.  Cheatle 
says,  "chronicity  of  discharge  is  due  to  developmental 
causes."  I  would  like  to  endorse  Dr.  Crockett's  remarks 
on  chronic  middle  ear  suppuration,  how  can  a  little  bit  of 
lymphoid  tissue  in  the  nasopharynx  influence  bony  changes 
in  the  mastoid  antrum,  or  on  the  wall  of  the  middle  ear. 
How  can  it  do  away  with  cholesteatoma  or  be  related  to 
removal  of  necrotic  ossicles?  True  the  disease  may  start 
in  the  nose,  but  if  a  man  gets  empysema  from  blowing  a 
horn,  you  cannot  cure  the  dilated  alveoli  1)y  having  him 
play  a  drum.  Although  this  question  is  hard  to  settle,  I 
think  it  should  be  settled  because  there  is  a  standard  be- 
tween extreme  radicalism,  such  as  operating  on  all  cases 
of  discharging  ears,  and  extreme  conservatism,  such  as 
not  operating  when  it  would  l)e  of  benefit  to  the  patient. 
A  patient  may  be  happy  and  comfortable  all  through  life 
with  a  little  moisture  in  the  ear.  He  would  be  happier 
than  undergoing  an  operation  no  matter  how  skilfully 
performed,  that  still  leaves  him  with  some  moisture. 

I  quite  sympathize  with  the  position  one  finds  himself 
in  a  large  clinic  with  many  old  suppurating  ears,  most  of 
whom  will  be  cured  by  a  radical  mastoid  operation.  Those 
with  cholesteatoma,  recurring  granulation,  marginal  per- 
forations and  persistent  foetor  are  safer  with  operations 
and  the  cessation  of  discharge  largely  depends  on  the 
thoroughness,  sometimes  even  boldness  of  the  operator. 
A  little  moisture  in  the  anterior  part  of  the  tympanum  due 
to  mucus  secreted  by  the  membrane  of  the  tubal  orifice, 
or  an  odd  cell  in  the  bone  of  that  area  that  could  not  be 
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reached,    is    quite    compatable    with    a  successful    radical 
mastoid   operation. 

I  am  sorry  when  I  hear  a  good  aurist  with  a  large 
practice  declare  he  seldom  does  a  radical  mastoid  because 
of  the  tedious  and  often  disappointing  results,  but  I  am 
more  sorry  for  his  operative  technique. 

Dr.  George  L.  Richards,  Fall  River :  We  may  go  on 
wiping  the  same  ear  for  6  months  and  then  wonder  what 
we  shall  do.  I  have  become  more  of  an  advocate  for  the 
radical  operation  than  formerly.  I  published  one  of  the 
early  papers  on  the  subject  of  the  radical  operation,  soon 
after  it  came  out  in  Vienna,  (Laryngoscope  Sept.  1902) 
and  did  a  number  of  operations,  then  I  got  out  of  it  for 
several  years,  because  many  cases  continued  to  suppurate, 
but  since  the  work  with  skin  grafting  I  have  selected  cases 
lietter  and  have  had  better  results.  Patients  who  have  had 
suppuration  will  be  very  grateful  if  you  can  give  them  a 
dry  ear.  I  would  like  to  know  hov.'  many  3'ears  these 
conservative  men  are  going  to  go  on  treating  these  cases ; 
the  hearing  does  not  get  worse,  but  the  suppuration  con- 
tinues. Sometimes  we  see  cases  where  the  hearing  is 
improved  after  a  radical  mastoid.  In  our  work  we  are  in- 
clined to  do  rather  more  radical  work  if  it  is  carefully 
carried  out  on  selected  patients. 

Dr,  John  F.  Barnhill,  Indianapolis :  Dr.  Haskin's  paper 
is  in  large  measure  commendable,  and  most  otologists  of 
experience  will  no  doubt  agree  with  much  that  he  has  said. 
T  have  the  decided  feeling,  however,  that  if  the  conclusions 
arrived  at  in  this  paper  by  the  essayist  are  too  closely 
followed  failure  and  indeed  not  infrequent  disaster  would 
ensue.  In  perfect  unison  with  Dr.  Kaskin  I  believe  that 
therapeutic  measures  are  often  helpful  in  the  treatment 
of  chronic  aural  discharge,  and  not  infrequently  such  mea- 
sures are  all  that  is  required  to  effect  a  complete  and 
satisfactory  cure.  I  can  not,  however,  so  fully  agree  with 
him  that  these  measures  are  all  that  are   needed  in  the 
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vast  majority  of  such  cases,  and  that  surgical  assistance 
should  be  but  rarely  resorted  to.  If  any  lesson  in  otology 
has  been  learned  by  me  in  a  rather  long  term  of  practice 
the  one  that  seems  as  certain  as  any  is  that  there  is  a  class 
of  chronic  discharging  ears  that  falls  wholly  into  a  surgical 
group ;  can  be  cured  only  by  well  directed  surgical  measures, 
and  that  to  depend  wholly  upon  therapeutics  in  such  cases 
i.s  to  ignore  the  fact  that  a  menacing  pathology  is  ravaging 
the  temporal  bone,  a  pathology  that  if  not  thoroughly  eradi- 
cated by  surgery  will  certainly  end  disastrously. 

Without  any  question  chronic  aural  discharges  are  of 
different  types  based  upon  an  entirely  different  pathology. 
The  otologist  must  be  well  enough  trained  to  detect  the 
simple  ones,  and  wise  enough  to  cure  them  by  therapeutic 
means.  But  if  he  wishes  to  attain  the  highest  efficiency  in 
his  specialty,  if  he  is  to  cure  the  maximum  percentage  of 
his  chronic  running  ears,  I  believe  he  can  neither  sanely 
or  safely  ignore  the  surgical  method  of  doing  so. 

A  word  concerning  the  benefits  one  may  expect  from 
treatment  of  the  nose  and  throat :  I  am  still  of  the  opinion 
that  the  removal  of  obstructions  or  infection  areas  from 
the  upper  air  tract,  in  case  of  such  aural  discharge,  is  of 
decided  benefit  when  connected  with  rational  treatment 
of  the  ear  itself.  I  do  not  of  course  believe  that  the  re- 
moval of  "physiologic"  curves  in  the  nasal  septum,  or  of 
harmless,  trivial  disturbances  of  the  turbinates  has  any 
beneficial  effect,  and  do  not  advocate  such  practice. 

Dr.  Edward  B.  Bench.  New  York :  I  think  this  dis- 
cussion is  very  interesting.  I  should  have  been  glad  to 
have  obtained  more  valuable  information  from  Dr.  Haskin 
When  summed  up,  it  seemed  to  me  that  every  drug  had  been 
used  in  cleansing  the  ear  with  the  same  amount  of  success. 
There  has  been  at  various  times  a  tremendous  amount  of 
enthusiasm  about  aniline  dyes,  mercuric  drugs  and  iodin 
derivatives,  but  a  certain  proportion  of  cases  went  on  with 
continuous  discharge.  This  paper  tells  us  what  we  should 
know,  that  a  certain  proportion  of  cases  do  clear  up.     No 
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good  otologist  would  recommend  operation  on  every  case, 
or  he  would  be  like  the  Irishman  who  said  that  every  head 
he  saw  he  hit. 

In  regard  to  ossiculectomy, — people  who  are  old  enough 
have  read  my  book.  I  used  to  be  an  ardent  advocate  of 
ossiculectomy  and  I  have  since  seen  patients  on  whom  I 
did  an  ossiculectomy  and  the  ear  has  stayed  absolutely 
dry,  but  I  do  not  believe  that  ossiculectomy  is  as  safe  as 
the  radical  operation.  Since  I  have  been  doing  the  radical 
operation,  I  have  been  surprised  at  the  amount  of  destruction 
in  the  tympanic  cavity  and  mastoid,  of  which  there  was 
little  sign  on  the  outside.  The  ossicles  are  involved 
less  frequently  than  we  think.  Ludwig,  in  the  Archiv  fur 
Ohrenheilkunde  states  that  the  incus  is  involved  in  80 
per  cent  of  cases,  but  I  think  that  figure  is  too  high,  but 
when  I  did  ossiculectomy  I  agreed  with  him.  I  don't  be- 
lieve ossiculectomy  is  enough  in  most  cases.  I  don't  think 
it  gives  better  results  as  to  hearing,  and  I  don't  believe  it 
is  as  safe  as  the  radical  where  you  have  everything  under 
your  eye.  I  think  many  cases  look  mild  but  involvement 
is  often  more  extensive  than  appears  at  first  sight. 

In  regard  to  cholesteatoma,  I  do  not  say  that  every 
case  must  have  a  radical  operation.  In  one  case  of  a 
young  man  seen  many  times,  there  was  a  large  portion  of 
the  membrana  tympani  involved.  One  day  a  large  choles- 
teatoma came  down  through  a  perforation,  but  there  was  no 
other  evidence  of  further  involvement.  The  hearing  is 
now  perfect  and  the  ear  dry.  In  regard  to  hearing  after 
the  radical  operation,  when  it  is  very  poor,  due  to  middle 
ear  involvement,  it  will  become  better.  If  it  is  moderate 
it  will  remain  the  same.  If  it  is  very  good  in  the  suppura- 
ting ear  it  will  be  worse  probably  after  the  operation.  We 
have  gone  over  records  of  112  private  cases  of  suppurating 
ear,  as  well  as  hospital  cases  to  note  results  on  hearing. 
The  results  are  reported  in  the  Transactions  of  the  Tenth 
International   Otological   Congress. 

I  would  like  to  ask  Dr.  Crockett,  in  reference  to  his 
remark    about    frequency    of    tuberculosis    as    a    cause    of 
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middle  ear  suppuration,  if  he  ever  found  tubercle  bacilli  in 
the   discharge? 

Dr.  Eugene  A.  Crockett,  Boston :  I  have  found  it  hard 
to  isolate  from  the  centrifuged  sediment,  I  was  surprised 
to  hear  Dr.  Haskin  say  it  was  easy  to  isolate. 

Dr.  Dench  (continued)  :  The  Manhattan  Eye  and  Ear 
is  the  only  place  where  they  have  good  results  in  getting 
tubercle  bacilli  from  the  discharge.  The  guinea  pig  test 
is  unsatisfactory  because  there  are  so  many  mixed  organ- 
isms involved.  Guinea  pigs  usually  die  of  streptococcus 
infection  before  the  tuberculous  lesion  develops.  At  St. 
Luke's  we  have  found  the  results  in  attempting  to  find 
tubercle  bacilli  in  the  discharge  most  disappointing. 

With  reference  to  adenoid  and  tonsil  operations,  in 
the  suppurations  of  childhood,  of  course  adenoids  should 
be  removed  and  tonsils  on  general  principles.  In  adenoids, 
chronic  suppuration  may  be  kept  up  by  diseased  tissue  in 
the  pharyngeal  vault,  but  the  indiscriminate  removal  of 
tonsils  in  older  children  is  a  mistake.  It  depends  on  how 
long  this  discharge  has  lasted,  if  more  than  6  weeks  it  is 
better  to  insist  on  a  simple  mastoid  operation  than  re- 
moval of  adenoids.  Where  the  sinuses  give  symptoms  of  dis- 
ease, operative  treatment  is  indicated,  I  think  an  adenoid 
and  tonsil  operation  alone  is  useless  in  these  cases.  When 
I  see  the  number  of  ethmoids  taken  out  without  any  use, 
I  am  sorry  for  the  patients.  You  may  do  the  operation  for 
the  nose,  but  not  for  the  ear.  The  Yankauer  operation  is 
not  without  danger  to  the  internal  carotid  artery  which  is 
near  the  floor  of  the  Eustachian  tube. 

With  reference  to  the  radical  operation  in  children, 
I  do  not  like  to  operate  before  ten  years  of  age,  it  is  better 
to  wait  until  the  mastoid  is  more  fully  developed. 

In  reference  to  Cheatle's  opinion  that  the  sclerotic 
mastoid  is  the  cause  of  suppuration  rather  than  the  effect, 
I  don't  agree  with  that  opinion.  We  find  certain  infantile 
types,  suppurative  and  nonsuppurative.    I  believe  the  scler- 
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otic  mastoid   is   the   result   of   chronic   suppuration   rather 
than  an  anatomic  condition  causing  it  in  many  cases. 

Dr.  Norval  H.  Pierce,  Chicago :  It  has  been  said  that 
it  may  be  regarded  as  a  law  that  one  may  recognize  the 
futility  of  remedies  by  their  numerosity.  When  we  find  a 
good  many  remedies  used  for  a  certain  diseased  condition 
we  may  know  that  none  of  them  amount  to  very  much. 
The  same  thing  may  be  said  about  the  local  or  non  opera- 
tive treatment  of  suppurative  otitis  media.  I  think  we  should 
keep  very  close  to  the  pathology  of  disease  which  causes 
suppurative  otitis  media  in  order  to  eflFectively  select  the  pro- 
per remedy.  To  say  that  such  and  such  a  remedy  is  good  for 
running  ear  is  to  be  perfectly  illogical.  It  may  be  good  for  a 
certain  type  of  running  ear  and  absolutely  worthless  with 
some  other  pathology  or  with  some  other  diseased  portion 
of  the  ear.  We  should  divide  ear  disease  of  the  tube,  of 
the  epitympanic  space,  the  lower  portion  of  the  cavum, 
aditus  and  mastoid  cells :  and  we  should  divide  cases  into 
those  in  which  the  mucosa  is  diseased  and  those  in  which 
the  bone  is  diseased.  Remedies  which  may  be  of  benefit 
in  disease  of  the  mucosa  of  the  tube  will  be  of  no  avail  in 
disease  of  bone  in  the  antrum.  We  may  close  the  tube  but 
if  there  is  cholesteatoma  we  shall  not  cure  the  case.  We 
have  got  to  be  able  to  diagnose  the  situation  as  well  as 
the  pathology  of  the  disease  first,  before  we  proceed 
with  our  remedies.  I  am  not  sure  but  what  beneficial  re- 
sults in  certain  cases  our  endeavors  to  close  the  tube  result 
from  the  destruction  of  diseased  mucosa  rather  than  from 
closing  the  tube.  There  are  many  air  spaces,  tubal  air  cells, 
which  may  l^e  diseased  and  the  breaking  down  of  the  cells 
by  curettement  may  bring  about  stopping  of  the  disease. 

In  regard  to  the  tonsils,  removal  of  diseased  tonsils 
and  of  voluminous  adenoids,  cure  certain  forms  of  tubal 
catarrhs  with  discharge  through  the  ear.  Their  removal 
will  not  cure  cholesteatoma,  nor  the  discharge  from  hypo- 
plastic, infected  mucosa  of  the  tube,  cavum  or  tympanic 
space. 
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I  don't  believe  we  can  throw  aside  the  idea  that  the 
changes  that  take  place  in  the  mucosa  and  bone  of  the  ear 
in  the  first  years  of  life  can  be  disposed  with  as  easily  as 
Dr.  Dench  seems  to  do.  In  200  cases  of  suppurative  disease 
of  all  kinds,  that  is  to  say  tubal  catarrhs  of  recurrent  na- 
ture, where  there  will  be  an  exudate  when  the  patient  takes 
a  cold,  or  every  few  months,  with  or  without  perforation 
and  chronic  suppuration  of  the  ear  due  to  cholesteatoma, 
we  have  only  had  three  cases  where  we  have  found  normal 
pneumatization.  In  all  the  others  there  has  been  complete 
or  pronounced  arrest  of  pneumatization.  We  have,  un- 
fortunately, very  limited  material  from  which  to  micro- 
scopically study  ear  pathology,  but  so  far  as  I  have  gone 
at  the  present  time,  I  can  say  that  with  arrested  pneuma- 
tization there  is  a  change  in  the  mucosa.  It  is  either 
hyperplastic  or  fibrous.  It  is  never  the  delicate,  epithelioid- 
covered  mucosa  that  we  find  in  the  normal  ear  Several 
layers  can  be  easily  differentiated.  It  is  covered  with  a 
cuboid  epithelium.  We  have  discovered  areas  of  ciliated 
epithelium  or  it  may  have  undergone  metaplasia  into  pave- 
ment cell  epithelium.  The  reason  in  my  opinion,  why  the 
epitympanic  space  is  so  frequently  diseased  is  because  there 
are  supernumerary  folds  which  divide  the  space  into  more 
complicated  chambers  than  normally  and  when  inflamma- 
tion becomes  established  in  the  diseased  mucosa  it  is  very 
difficult  to  eradicate  it.  It  is  perhaps  in  these  cases,  that 
we  may  get  (in  carefully  selected  cases)  our  best  results 
from  ossiculectomy.  I  do  not  regard  this  type  of  disease  as 
at  all  dang"erous  and  if  I  had  such  a  condition  I  don't  think 
I  should  want  operation.  Ossiculectomy  in  cholesteatoma 
is  worthless.  Operation  on  the  mastoid  by  the  Barany 
method  without  ossiculectomy,  if  we  have  necrosis  of  the 
ossicles  will  be  a  failure.  We  must  determine  first  whether 
there  is  necrosis  of  the  ossicles.  I  believe  Dr.  Dench  was 
correct  years  ago  in  believing  that  necrosis  of  the  incus  is 
frequent.  It  is  nourished  by  only  one  artery  which  may  be 
readily  occluded. 
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Dr.  E.  R.  Lewis,  Los  Angeles :  I  desire  to  emphasize 
a  matter  of  importance  which  has  not  been  mentioned  in' 
this  discussion,  the  value  of  certain  fundamental  biochemis 
measures  in  surgical  or  non-surgical  treatment  of  chronic 
inflammation  of  the  antrum  and  upper  respiratory  tract 
in  general.  During  the  past  ten  to  fifteen  years  I  have 
come  to  realize  increasingly  the  importance  of  meeting 
the  systemic  needs  of  patients  suffering  from  established 
infectious  pathology,  whether  surgical  measures  are  em- 
ployed or  not.  The  existence  of  such  pathology  depends 
upon  local  or  general  inadequacy  of  tissue  protectives :  in 
many  instances  structural  wrongs  or  injuries  are  underly- 
ing factors,  but  even  so  it  is  necessary  to  increase  the 
cellular  resistance  by  local  and  general  measures,  in  addi- 
tion to  attending  to  the  structural  wrongs  operatively  or 
otherwise.  In  general  it  is  wise  to  have  the  patient  drink 
excessive  of  fluid,  averaging  at  least  one  eight-ounce  tum- 
bler per  day  for  each  ten  pounds  of  body  weight,  preferably 
by  taking  one  drink  every  hour  during  the  day.  This  fluid 
saturation  should  be  maintained  for  weeks  or  months. 
Alkalization  by  citrate-bicarbonate  or  acetate-  bicarbonate 
mixtures  given  for  a  week  or  so-followed  by  five  to  ten 
days  of  iodization  three  times  daily  is  very  efficient  means 
of  meeting  the  general  tendency  toward  acidosis  and  in- 
creasing the  activities  of  the  endocrine  and  protective 
mechanisms.  The  efficiency  of  these  systemic  measures 
depends  upon  their  unremitting  application  over  long 
periods  of  time.  By  persevering  in  the  use  of  this  tissue 
lavage  in  connection  with  whatever  local  conservative 
treatment  seems  necessary,  I  have  been  able  to  bring  about 
marked  improvement  in  cases  which,  at  the  beginning,  were 
particularly  discouraging. 

The  value  of  this  general  systemic  attack  upon  such 
conditions  stands  forth  particularly  in  contrast  with  the 
failures  attendant  upon  long  sustained  local  treatments. 

Dr.  George  E.  Shambaugh,  Chicago :  I  should  like  to 
stress  two  points  in  the  treatment  of  chronic,  suppurative. 
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otitis  media.  The  mere  fact  that  it  is  otitis  media  does  not 
constitute  an  indication  for  surgical  interference.  We 
operate  on  some  cases  because  there  is  a  dangerous  focus 
of  disease  from  which  it  is  possible  to  have  serious  compli- 
cations. Dr.  Pierce  brought  up  a  point  of  differentiation 
deciding  which  cases  should  be  operated  on  and  which 
should  not.  We  must  decide  whether  the  disease  involves 
mucous  membrane  or  whether  it  is  infecting  the  bone,  and 
only  when  there  is  a  bone  lesion  such  as  caries  or  choles- 
teatoma does  it  constitute  a  reason  for  operation.  I  have 
no  doubt  that  every  otologist  can  make  a  diagnosis  of 
disease  that  is  invading  the  bone,  but  not  all  cases  need 
come  to  operation.  I  have  seen  cases  of  localized  caries  in 
the  cavity  that  have  gotten  well  spontaneously.  I  have 
seen  cases  where  cholesteatoma  has  broken  through  into 
the  canal  and  discharge,  and  thus  nature  has  performed  a 
radical  mastoid  operation. 

Another  point  to  be  emphasized  is  what  standard  we 
should  look  upon  as  a  cure  of  the  condition.  If  the  opera- 
tion has  cleaned  out  dangerous  foci  in  the  attic,  aditus  and 
antrum,  and  if  there  is  still  a  little  moisture  above  on  the 
floor  of  the  tympanum,  it  does  not  mean  that  we  have  not 
cured  the  dangerous  part  of  the  ear  trouble.  I  like  to  see 
the  tube  closed,  l:)Ut  if  it  is  not  closed  I  don't  let  the 
patient  think  that  he  is  not  cured  of  the  trouble. 

Dr.  George  L.  Tobey,  Boston :  I  think  it  is  a  mistake 
for  us  to  consider  the  question  of  surgical  or  non  surgical 
interference,  without  taking  into  consideration  a  careful 
study  of  the  individual  case.  Dr.  Haskin  has  seen  many  of 
these  cases,  but  I  would  like  more  data  before  venturing  to 
discuss  them.  I  am  surprised  to  hear  that  he  has  found 
no  cases  of  labyrinthine  or  intracranial  involvement  which 
would  demand  more  drastic  measures,  in  a  series  of  1000 
cases.  We  do  meet  cases  that  will  get  well  with  conserva- 
tive surgical  measures,  such  as  ossiculectomy  and  removal 
of  polypi.  I  do  not  agree  with  Dr.  Shambaugh  that  where 
there    is    necrosis    of    bone    that    conservatism    will    not 
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suffice.  I  am  in  accord  with  Drs.  Blake,  Hammond  and 
Crockett.  We  do  an  ossiculectomy  and  thoroug-h  cleaning 
out  of  the  middle  ear.  The  outer  attic  wall  and  posterior 
wall  of  the  antrum  are  removed  and  cholesteatoma  is  re- 
moved. We  have  seen  such  cases  which  were  operated  on 
thirty  five  years  ago  and  the  patients  are  still  well.  I  feel 
that  there  is  a  place  for  conservative  surgical  interference  in 
chronic  suppurations.  I  think  it  is  deplorable  that  in  the 
Manhattan  Eye  and  Ear  Hospital  and  in  the  Massachusetts 
General  Hospital,  that  practically  no  ossiculectomies  have 
been  done  during  the  last  ten  years.  This  means  that  the 
house  officers  have  gone  out  without  any  training  in  con- 
servative middle  ear  surgery  and  this  implies  inadequate 
knowledge  of  the  diagnosis  of  the  condition  of  the  middle 
ear.  At  the  present  time  a  senior  house  officer  leaves  the 
hospital,  and  he  is  able  to  make  a  diagnosis  of  chronic 
suppuration,  but  that  is  all.  The  finer  details  are  lacking, 
and  if  you  ask  him  what  to  do  for  the  condition  he  will  tell 
you  to  do  a  radical  mastoid.  I  think  that  we  are  swinging 
round  to-day  to  more  conservative  middle  ear  surgery, 
especially  among  the  men  who  have  worked  twenty  years. 

As  far  as  infection  of  the  nose  and  throat,  everyone 
has  had  cases  of  discharging  ear  which  have  cleared  up 
after  treatment  of  the  tonsils.  The  discharge  will  fill  up 
with  tonsillar  infection.  I  think  it  is  a  mistake  to  say  that 
nose  and  throat  infection  has  nothing  to  do  with  middle 
ear  suppuration.  Removal  of  foci  will  not  influence  chol- 
esteatoma ;  it  is  foolish  to  think  it  will.  However,  chol- 
esteatoma may  lie  latent  for  years,  and  then  in  a  short  time 
a  massive  cholesteatoma  may  develop  in  people  who  have 
never  shown  signs  of  trouble  before.  In  less  severe  con- 
ditions I  believe  if  it  were  a  question  of  our  own  case  we 
should  say  that  we  would  choose  for  ourselves  conservative 
surgery,  rather  than  radical. 

Another  point  is  that  one  of  the  causative  factors  of 
otitis  media  is  going  to  be  eliminated  by  the  action  of  the 
serum.  Cases  have  been  seen  recently  in  which  twelve  hours 
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after  serum  injection,  the  scarlet  fever  was  well,  as  far  as 
any  clinical  evidence  could  be  found.  We  know  that  about 
two  thirds  of  the  population  are  susceptible  to  scarlet  fever, 
and  not  in  one  case  where  the  Donchez  serum  has  been 
given  as  a  prophylactic  measure  has  there  been  any  develop- 
ment of  scarlet  fever.  This  treatment  is  still  in  its  infancy, 
but  there  is  no  question  but  that  the  serum  has  marvellous 
efficacy  and  that  scarlet  fever  will  be  wiped  out  in  this 
country ;  that  is  of  especial  interest  to  us  as  otologists. 

Dr.  Frederick  L.  Jack,  Boston:  This  discussion  has 
covered  about  seven  eighths  of  rhinology  and  oto-laryn- 
gology.  While  thinking  over  things  during  this  discussion 
it  seems  to  me  that  the  differential  diagnosis  was  the  im- 
portant thing  and  we  are  able  in  fact  to  differentiate  many 
of  these  suppurative  processes.  No  one  would  do  an 
ossiculectomy  if  he  suspected  cholesteatoma  in  the  mastoid. 
With  modern  methods  we  have  a  satisfactory  way  of  deter- 
mining this  condition.  The  X-ray,  while  not  absolutely 
positive,  is  significant.  The  history  is  also  very  important ; 
if  there  is  a  history  of  large  masses  coming  away,  one  may 
suspect  a  mastoid  process,  and  in  a  patient  with  that  his- 
tory it  would  be  foolish  to  do  ossiculectomy.  Such  a  case 
needs  radical  operation.  But  there  is  a  large  class  of  cases 
where  the  mastoid  is  not  involved  and  where  the  lesion  is 
confined  to  the  tympanic  cavity.  The  carious  condition 
of  the  bone  can  be  verified  by  a  probe.  We  know  that  in 
many  of  the  cases  in  which  we  do  a  radical  operation  we 
find  no  incus,  and  this  shows  that  there  has  been  suppura- 
tion for  some  length  of  time.  The  incus  has  a  poor  l:)lood 
supply  and  is  often  affected.  We  should  discriminate  as  to 
the  condition  we, are  dealing  with.  I  am  in  favor  of  middle 
ear  operations  because  I  have  had  good  results  from  them. 
I  have  frequently  found  great  destruction  of  the  ossicles 
and  have  reported  the  results  in  a  series  of  cases  a  number 
of  times.  Two  of  the  men  here  today  have  said  that  they 
would  do  ossiculectomy  under  certain  conditions,  but  I 
remember  when  once  I  read  a  paper  on  the  subject,  one  of 
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them  said  to  me,  "Whenever  you  make  up  your  mind  to  do 
ossiculectomy,  do  a  radical  operation  instead."  I  did  not 
agree  with  him  then  and  I  certainly  do  not  now,  paralysis, 
which  is  a  serious  accident,  I  have  never  had.  The  Yankauer 
operation  for  obliteration  of  the  tube  has  not  been  suc- 
cessful  in  all   cases. 

Dr.  John  R.  Page,  New  York,  (closing) :  In  regard  to 
the  influence  of  adenoids  and  diseased  tonsils  on  middle  ear 
infections,  I  thought  that  this  was  pretty  generally  granted 
and  I  was  rather  surprised  to  hear  some  opinions  to  the 
contrary,  unless  I  misunderstood  the  speakers. 

In  regard  to  surgical  treatment,  I  said  that  operative 
procedures  were  only  carried  out  after  cleansing  treatment 
of  the  ear  had  been  fairly  tried.  Many  cases  of  chronic 
suppurating  ears  have  come  under  my  care  in  a  clinic  that 
has  recently  fallen  to  my  charge.  One  case  had  been  com- 
ing back  month  after  month  and  cholesteatoma  had  been 
permitted  to  develop  in  the  ear  while  under  observation. 
We  have  operated  on  such  patients  and  cleaned  them  up 
when  they  could  not  have  been  cleaned  up  by  any  other 
means.  The  proof  of  the  pudding  is  in  the  eating.  We  do 
not  do  radical  mastoids  on  every  ear,  and  some  can  be  cured 
by  a  simple  mastoid  operation.  My  instructions  to  the  clinic 
are  to  do  the  radical  mastoid  operation  when  led  to  do  it 
l^y  the  indications  found  at  operation,  and  not  otherwise. 
We  have  found  that  by  following  this  procedure  compara- 
tively few  complete  radical  mastoids  have  been  done.  We 
have  found  that  with  the  closing  of  the  posterior  wound, 
and  by  making  a  very  large  meatus,  one  through  which  we 
can  inspect  the  whole  region,  we  can  get  good  drainage, 
both  behind  and  through  the  drum  membrane.  We  can  get 
good  aeration  of  the  ossicles.  In  some  cases  the  ossicles 
were  diseased,  but  they  have  healed  without  ossiculectomy 
which  I  think  is  the  more  conservative  operation.  If  one 
takes  down  the  posterior  wall  close  to  the  annulus,  one  gets 
irood  ventilation. 


We  don't  take  any  chance  with  bone  that  has  been  in 
contact  with  a  suppurative  focus  for  years.  We  take  out 
every  mastoid  cell.  If  the  ossicles  are  found  to  be  badly 
diseased,  it  is  easy  to  remove  them  and  go  on  to  the  radical 
mastoid. 

I  recall  three  cases  operated  on  recently  because  of 
l)ersistent  discharge.  There  was  no  evidence  of  dangerous 
mastoid  involvement  in  any  one  of  them,  yet  they  were  all 
found  to  be  dangerously  involved  and  had  a  perisinus 
aljscess.  We  encounter  such  cases  so  frequently  that  it  is 
surprising  that  Dr.  Haskin  should  report  so  few  of  them. 


THE  ETHER  TREATMENT  OF  CHRONIC  SUPPURA- 
TIVE OTITIS  MEDIA. 

By    THOMAS   HUBBARD,    M.    D.,    Toledo,    Ohio. 

One  year  ago,  my  associate,  Dr.  Evan  G.  Galbraith, 
who  originated  the  method,  made  a  clinical  report  on  a 
method  which  had  been  used  in  our  practice  for  more  than 
four  years  in  the  treatment  of  chronic  discharging  ears. 
My  object  in  presenting  it  at  this  time  is  to  encourage 
a  try  out  by  clinicians  in  charge  of  institutional  groups 
of  cases  and  thereb}-  to  accumulate  authoritative  opinion 
and  define  the  usefulness  and  limitations  of  ether  as  a 
solvent,  cleansing  antiseptic. 

It  is  not  necessary  to  go  into  the  pathology  of  chronic 
ear  suppuration  nor  the  symptomatology.  It  is  highly  de- 
sirable to  develop  a  test  treatment  in  a  certain  class  of 
cases  as  an  aid  to  a  prompt  decision  of  the  question  of  indi- 
cation for  the  radical  operation. 

Any  local  treatment  must  be  aided  by  attention  to 
general  hygiene  and  by  removal  of  foci  of  reinfection  such 
as  come  from  throat  and  nasal  suppuration  by  way  of  the 
Eustachian  tube  and  usual  focal  infection  routes.  Systemic 
diseases  and  in  general  anemia  and  malnutrition  may  be 
factors  against  possible  cure-and  it  is  all  taken  for  granted 
that  every  possible  aid  to  restoration  of  normal  tone  and 
resistance  Is  given  due  consideration.  Tuberculosis  and 
syphilis  are  excluded  from  this  discussion. 

I  will  quote  from  Dr.  Galbraith's  report: 

"One  might  well  ask  when  we  are  to  know  whether  the 
mastoid  is  or  is  not  involved.  To  such  an  inquiry  we  would 
answer  that  in  many  cases  we  do  not  know,  but  that  our 
treatment  will  help  us  to  settle  the  question.  It  may  be 
stated  as  a  postulate  that  unless  there  are  signs  or  symtoms 
pointing  to  intracranial  involvement  no  case  of  chronic 
aural  suppuration  should  be  subjected  to  a  radical  mastoid 
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operation  until  local  treatment  has  ])een  given  a  thorough 
test.  To  put  it  another  way,  if  after  careful  treatment  for 
two  or  three  weeks  there  is  little  or  no  sign  of  improvement 
in  the  condition  we  feel  that  we  have  a  right  to  conclude 
that  we  are  not  dealing  with  a  suppurative  process  that  is 
limited  to  the  middle  ear  but  that  in  all  probability  involves 
the  mastoid  as  well.  What  we  really  want  to  say  is  that  if 
the  suppurative  process  is  limited  to  the  middle  ear  by  the 
ether  treatment  we  can  expect  a  definite  improvement  or 
cure  in  that  time." 

"When  a  patient  with  a  chronic  ear  presents  himself 
for  treatment  the  first  thing  to  do  is  to  take  a  careful  medi- 
cal history,  special  attention  being  given  to  the  onset  and 
subsequent  course  of  the  suppurative  process  and  what 
measures  have  been  taken  to  control  it.  This  completed, 
he  is  then  given  a  thorough  general  ear,  nose  and  throat 
examination,  usually  leaving  the  bad  ear  to  the  last.  In  most 
instances  the  external  auditory  canal  will  be  found  filled 
with  pus  and  foul  smelling  debris.  This  is  best  removed 
by  syringing,  but  once  the  ear  is  clean  this  is  never  repeated. 
A  hearing  test  is  now  done  to  determine  the  degree  of 
deafness  in  the  aflfected  ear.  Should  aural  polypi  be  found 
they  are  removed  by  whatever  method  best  suits  the  case. 
If  any  contributing  cases,  either  general  or  local,  are  found 
they  are  corrected.  If  polypi  have  been  removed,  nothing 
further  is  done  until  the  reaction  incident  to  their  removal 
has  subsided.  If  none  are  present  and  all  contributing 
causes  have  been  taken  care  of,  we  are  ready  to  proceed 
with  the  treatment. 

"The  patient  is  placed  on  his  side  with  the  aflfected  ear 
up  and  the  external  auditory  canal  filled  with  ether  such  as 
is  used  for  anesthetic  purposes.  He  is  allowed  to  lie  in 
this  position  until  all  the  ether  has  evaporated  and  none 
runs  out  when  he  assumes  the  sitting  position.  This  re- 
quires from  ten  to  fifteen  minutes,  depending  on  the  size 
of  the  canal.  The  ear  is  then  examined  again  and  what- 
ever debris  or   discharge   may  be   present   is   wiped   away 
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with  cotton  on  an  applicator.  This  is  repeated  daily  a  few- 
times  or  twice  a  day  if  the  discharge  is  profuse.  The 
patient  is  then  given  a  small  bottle  of  ether  and  a  dropper 
and  directed  how  to  clean  the  ear  by  using  cotton  on  an 
applicator,  following  which  he  is  to  use  the  ether  as  des- 
cribed above  once  or  twice  a  day  as  indicated.  At  stated 
intervals  he  is  to  report  for  inspection  and  a  new  supply  of 
ether,  with  caution  as  to  the  inflammatory  nature." 

"Relapses  will  occur  due  to  acute  re-infection  in 
throat  and  nose,  and  the  treatment  should  be  followed  uj) 
at  the  proper  time. 

"Many  favorable  cases  will  show  a  marked  improve- 
ment within  a  week's  time.  The  odor  will  be  less  offensive 
and  the  discharge  less  profuse.  Others  will  require  a  much 
longer  time. 

"In  superior  perforations  with  cholesteatomatous  block- 
ing, attic  irrigation  with  ether  may  be  necessary. 

"After  this  treatment  has  been  described  there  are  two 
questions  that  are  almost  invariably  asked.  Is  it  safe  ? 
Is  it  painful?  To  the  first,  the  reply  is  that  it  has  been  used 
over  a  period  of  four  years  and  in  all  types  of  cases :  and  no 
disturbing  symptoms  have  developed,  and  in  not  one  case 
has  pain  been  so  severe  that  it  was  felt  necessary  to  discon- 
tinue ether  treatment.  What  pain  there  is,  is  of  short 
duration  and  subsides  long  before  the  ether  has  entirely 
evaporated.  Even  young  patients  submit  after  they  have 
experienced  the  beneficial  effects.  Acute  dermatitis  is  a 
contra    indication. 

"When  one  stops  to  consider  the  chemical  and  physical 
properties  of  ether  he  finds  them  to  be  such  as  to  make  it 
admirably  suitable  for  getting  at  and  clearing  up  a  chronic 
suppurative  process  located  in  a  more  or  less  inaccessible 
place  such  as  the  middle  ear.  It  is  a  powerful  solvent  of 
lipoids  (including  cholesterine)  which  are  to  be  found  in  the 
debris  of  a  chronic  ear  and  by  this  action  the  discharge  is 
converted  to  a  thinner  liquid,  thus  making  its  escape  more 
easil}'.    It  boils  at  95°F.  which  is  just  a  few  degrees  below 
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body  temperature.  This  means  that  soon  after  it  is  poured 
into  the  external  auditory  canal  its  temperature  is  actually 
raised  to  its  boiling  point  and  a  gentle  boiling  of  the  liquid 
can  be  seen  taking  place.  This  property  together  with  its 
solvent  action  probably  constitutes  its  chief  value  in  the 
treatment  of  this  condition.  By  its  solvent  action  one  can 
easily  conceive  of  its  gaining  access  to  small  crevices  which 
could  not  be  reached  by  syringing.  Soon  after  it  is  instilled 
the  heat  of  the  body  raises  its  temperature  to  the  boiling  point 
and  agitation  resulting  from  the  boiling  process  loosens 
and  brings  away  particles  that  are  preventing  free  drain- 
age. That  such  a  thing  actually  occurs  can  be  seen  by  one 
who  on  examining  a  canal  that  had  been  thoroughly  cleansed 
before  the  installation  of  the  ether  will  find  it  practically 
covered  with  small  particles  of  debris  after  the  ether  has 
all  evaporated. 

"While  it  is  probably  of  minor  importance,  ether  has  a 
definite  germicidal  action.  It  is  known  that  it  will  kill  the 
weaker  organisms  and  it  is  not  unlikely  that  its  prolonged 
contact  with  the  more  resistant  ones  will  render  them  less 
virulent.  It  is  also  highly  probable  that  it  has  a  stimulating 
eflFect  upon  the  tissues  with  which  it  comes  in  contact  thus 
increasing  their  resistance  to  infection. 

"The  water  content  of  ether  is  one-tenth  of  one  per 
cent.  This  means  that  when  the  ether  has  all  evaporated  it 
leaves  practically  a  dry  cavity.  This  is  highly  desirable 
for  it  avoids  waterlogging-  the  already  edematous  mucous 
membranes." 

In  conclusion  I  would  say  that  the  ether  treatment 
has  been  the  routine  in  our  ofBce  and  in  dispensary  practice 
for  now  nearly  five  years  and  we  have  experienced  satis- 
factory results  to  the  extent  that  we  recommend  it  un- 
reservedly. A  considerable  group  of  cases  who  presented 
as  candidates  for  the  radical  operation  have  been  success- 
fully treated  by  attention  to  the  general  conditions  referred 
to,  and  the  local  ether  method.  In  these  borderline  cases 
where  one  is  in  doubt  as  to  the  urgency  of  radical  surgery 
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this  method  aids  in  prompt  decision.  If  there  be  no  im- 
provement after  two  or  three  weeks  of  thorough  treatment 
nor  decided  alleviation  of  such  symptoms  as  purulent  dis- 
charge, pain  and  odor,  vertigo  and  general  malaise,  then 
it  is  time  to  consider  the  radical.  The  distinction  between 
the  curable  and  incurable  is  presented  in  a  decisive  manner. 

The  ether  method  is  advocated  in  the  post-operative 
treatment  of  the  radical  mastoidectomy,  that  is,  where  it 
is  indicated.  An  ear  full  of  cold  ether  does  cause  vertigo 
as  well  as  pain  but  it  quickly  warms  up  to  95°  F.  and  boils 
away.  Granulations  are  checked  and  healing  is  promoted. 
Gauze  packing  can  be  discontinued  after  a  few  dressings. 

Ether  has  been  used  in  general  surgery  of  the  bones. 
Osteomyelitis  with  sinuses  and  sequestra  respond  favorably 
to  ether  flooding.  One  feature  favorable  to  the  use  of  this 
volatile  solvent  is  that  the  water  content  is  nil,  germs  and 
saprophytes  of  low  viability  are  killed  and  bacteria  are 
inhibited. 

Discussion 

Dr.  Wesley  C.  Bowers,  New  York :  I  have  had  no 
personal  experience  in  the  ether  treatment  of  chronic 
running  ears.  I  have  looked  up  the  articles  in  the  litera- 
ture on  this  subject  and  found  just  two,  in  both  of  which 
it  is  mentioned  favorably  as  a  treatment  in  osteomyelitis. 

I  believe  it  should  be  a  valuable  cleansing  agent. 

The  treatment  of  a  chronic  discharging  ear  depends 
upon  where  the  pathology  is.  It  is  just  as  ridiculous  to  say 
that  any  treatment  other  than  operation  will  cure  a  chronic 
discharge,  when  the  pathology  is  located  to  any  extent  in 
the  bone,  as  it  is  to  say  that  a  chronic  discharging  ear,  with 
the  pathology  limited  to  the  middle  ear  and  Eustachian 
tube,  needs  a  radical  mastoid  operation. 

Dr.  George  L.  Richards,  Fall  River:  I  would  like  to 
ask  Dr.  Hubbard  if  he  has  ever  tried  using  ether  with 
children.     Even  a  collodion  dressing  is  very  disagreeable 
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to  a  child  who  has  once  had  ether  for  anesthesia.  This 
discussion  reminds  me  of  a  teacher,  whom  Dr.  Jack  may 
remember,  Dr.  George  Haven,  who  used  to  give  a  course  in 
pediatrics,  and  he  said  that  to  some  children  you  can  give 
shingle  nails,  and  to  some  you  can't.  I  would  not  care  to 
attempt  using  ether  in  this  way  with  some  children. 

I  would  like  to  ask  Dr.  Hubbard  if  it  is  practicable  in 
the  out  patient  department. 

Dr.  Norval  H.  Pierce,  Chicago :  Ether  is  a  very  good 
remedy  for  certain  suppuration  diseases  of  the  ear.  I  have 
used  it  for  a  long  time  mixed  with  alcohol  and  boric  acid. 
It  is  especially  good  in  cholesteatoma  of  the  small  or  in- 
complete kind  with  a  large  perforation  in  Shrapnel's  mem- 
brane, because  it  dissolves  fat.  I  believe  that  it  is  of  very 
little  account  in  other  forms  of  ear  disease,  but  in  cho- 
lesteatoma it  is  my  local  application  of  preference. 

Dr.  George  L.  Tobey,  Boston :  Does  ether  do  away 
with  the  foul  odor,  and  if  so  after  how  many  applications. 
Dr.  Hubbard  spoke  of  the  relief  afforded, — relief  from  what? 

Dr.  Thomas  Hubbard,  (closing)  :  The  point  Dr.  Rich- 
ards brought  up  is  a  practical  one.  We  can  usually  get  the 
child  to  tolerate  the  ether.  It  is  only  a  flash  of  pain  and 
very  soon  over.  There  is  less  pain  with  the  subsequent  appli- 
cations. With  regard  to  ether  and  alcohol,  as  recommended 
by  Dr.  Pierce.  Alcohol  is  a  coagulant,  and  coagulants  are 
not  cleansing.  Ether  is  strictly  a  solvent  of  lipoids  and  of 
cholesterin.  The  main  point  is  to  clean  and  dry  the  ear 
and  then  drop  in  the  ether.  Within  ten  or  fifteen  minutes 
it  is  all  boiled  away,  and  then  you  find  that  debris  has  come 
to  the  surface.  In  regard  to  the  fetid  odor.  Disappearance 
indicates  that  ether  is  adapted  to  that  particular  case.  I 
have  in  mind  the  cases  in  which  the  ordinary  treatment  has 
failed.  Many  of  these  cases  will  yield  to  the  solvent  and 
antiseptic  action  of  ether. 


CONTRIBUTIONS     OF     THE     PHYSICIST     TO     THE 
SCIENCE  OF  OTOLOGY.  * 

By   PROF.    DAYTON   C.    MILLER,    Cleveland,    Ohio. 

When  sound  originates  in  any  source,  the  sound  is 
transmitted  through  some  medium,  the  normal  medium 
being  the  atmosphere.  No  matter  what  is  generated  at  the 
source,  if  it  is  not  transmitted  it  has  no  effect  on  the  hear- 
ing. Everything  we  hear  must  exist  in  the  medium  in  trans- 
mission. Hence  an  adequate  study  of  tone  quaHty  requires 
some  method  of  recording  sound  waves. 

Investigation  shows  that  the  sources  of  sound  con- 
sist of  elastic  matter  in  vibratory  motion.  This  vibratory 
motion  must  impress  itself  upon  some  medium.  Matter 
is  the  source  of  sound  and  the  medium  of  transmission  is 
also  material, — either  solid,  liquid  or  gaseous.  For  the 
present  purpose  we  may  pass  the  solid  and  liquid  media  and 
consider  only  the  air,  which  is  an  elastic  gas.  The  only 
kind  of  disturbance  which  originates  at  the  source  is  varia- 
tion in  pressure.  Gas  is  a  body  which  cannot  transmit 
transverse  movement.  A  solid  has  compressibility  and 
resists  transverse  stress,  but  a  fluid  does  not.  Air  can  only 
transmit  changes  in  pressure  such  as  compression  or  rare- 
faction ;  all  the  phenomena  accompanying  these  changes  in 
pressure  constitute  the  sound  waves.  To  know  what  sound 
is  we  must  study  these  waves. 

The  physicist  usually  considers  sound  as  being  trans- 
mitted, observing  what  is  happening  in  the  air.  This  space 
must  contain  the  essential  elements  of  the  sound  we  hear. 
After  it  reaches  the  ear  the  physicist  turns  the  problem 
over  to  the  otologist,  anatomist  and  the  psychologist.  What 
occurs  at  the  ear  is  due  to  the  air  wave  which  exists  be- 
tween the  source  and  the  ear.  It  is  the  nature  of  the  air 
wave  that  we  shall  examine.  These  waves  in  the  air  can 
be  nothing  but  variations  in  pressure.    The  air  is  very  sensi- 

*  Read  by  Invitation. 
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tive  to  pressure  and  detects  changes  which  occur  within  a 
small  fraction  of  a  second.  It  cannot  detect  changes  in 
pressure  which  are  considerable,  but  it  can  detect  very 
slight  changes.  We  know  that  in  climbing  a  mountain  we 
detect  changes  in  air  pressure  and  in  going  into  air-locks 
in  tunnels  very  great  changes  of  pressure  can  be  felt.  The 
barometric  pressure  has  a  daily  variation  but  the  ear  is 
not  very  sensitive  to  such  long  period  diumal  variations. 
If  the  changes  of  the  barometer  are  plotted  one  obtains  a 
curve  which  is  really  a  sound  wave,  in  the  same  sense  that 
the  long  waves  of  the  radio  are  related  to  the  shorter  light- 
waves. When  such  slow  changes  in  pressure  are  produced, 
usually  we  are  not  conscious  of  them.  Sound,  however,  has 
the  same  essential  changes  as  does  the  barometric  pressure 
and  if  the  condensations  and  rarefactions  of  the  air  occur 
frequently  enough, — at  intervals  less  than  1/16  second,  that 
portion  of  the  body  represented  by  the  ear  l^egins  to  ap- 
preciate the  efifects  and  we  say  we  hear  sound. 

The  nature  of  sound,  therefore,  is  simply  variation  in 
pressure.  If  the  frequency  of  the  change  varies  from  six- 
teen per  second  to  twenty  thousand  per  second,  the  sound 
passes  from  the  lowest  audible  sound  to  the  upper  limit 
of  hearing.  In  order  to  study  sound  waves  we  must  make 
records  of  very  rapid  and  very  small  pressure  changes. 
The  first  necessity  is  an  instrument  which  shall  move  readily 
under  the  action  of  a  very  minute  force  and  which  will  move 
10,000  times  or  more  per  second.  For  our  work  it  seemed 
necessary  to  develop  an  apparatus  for  making  photographic 
records  of  sounds,  more  sensitive  than  anything  previously 
used  for  this  purpose ;  we  therefore  devised  the  PHONO- 
DEIK.  This  instrument,  in  a  way,  represents  the  external 
ear  and  is  placed  at  the  observing  station,  instead  of  the 
ear,  to  receive  and  record  sounds. 

The  Phonodeik  has  a  horn  with  a  diaphragm,  which 
represents  the  tympanum.  The  diaphragm  is  made  of  thin 
microscope  cover-glass,  0.1  mm.  thick  (that  is  4/1000  inch 
in  thickness),  and  with  a  diameter  of  35  mm.  The  ordinary 
voice  causes  the  diaphragm  to  be  displaced  1/1000  of  an  inch. 
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Attached  to  the  center  of  the  diaphragm  are  fibers  of  silk 
which  pass  to  a  minute  mirror,  mounted  on  a  steel  staff. 
A  spot  of  light  is  reflected  from  the  mirror  to  a  photo- 
graphic film.  Vibration  of  the  diaphragm  throws  the  spot 
of  light  across  the  film ;  thus  when  the  diaphragm  moves 
1/1000  of  an  inch  the  spot  of  light  moves  2500  times  as  far. 
The  steel  staff  is  mounted  in  jewels.  The  staff  and  mirror 
weigh  2  mg.  or  1/32  of  a  grain.  It  will  respond  to  15000 
complete  vibrations  or  30  thousand  movements  per  second. 
When  a  person  stands  in  front  of  the  apparatus  and  utters  a 
sound,  it  can  be  observed  on  a  ground  glass,  in  the  form  of 
a  sound  wave ;  and  by  pressing  the  toe  on  a  trigger  the  wave 
form  may  be  photographically  recorded. 

The  effect  of  the  horn  as  a  collector  has  a  great  in- 
fluence on  the  shape  of  the  wave.  Each  horn  has  its  own 
resonance,  the  effect  of  which  appears  in  the  photographic 
record.  The  effects  due  to  the  horn,  however,  are  fixed 
and  can  be  determined  and  eliminated  in  the  analysis,  so 
that  we  obtain  a  true  record  of  sounds  from  various  sources. 

Investigations  have  been  made  in  our  laboratory  of 
the  characteristics  of  sounds  from  many  sources,  such  as 
tuning-forks  (the  simplest  of  tones),  the  flute,  violin,  clari- 
net, French  horn,  trombone,  saxophone,  and  of  the  complete 
orchestra.  Studies  have  been  made  of  the  sounds  of  burst- 
ing shells,  of  large  guns  and  projectiles  and  of  fog  horns. 
The  nature  of  vowel  sounds,  of  spoken  words,  and  of  music 
in  general  have  been  determined,  in  connection  with  the 
telephone,  the  talking  machine  and  the  radio  loud  speaker. 
Experiments  have  been  made  in  the  synthetic  reproduction 
of  vowel  sounds.  A  set  of  sixteen  organ-pipes  is  required 
to  make  one  vowel  sound ;  long  a-a-a-a-a.  The  character- 
istic of  the  vowels  are  important  in  studying  speech :  oo- 
oo-oo-oo  may  not  be  distinguishable  from  ee-ee-ee-ee-ee 
because  the  sound  waves  are  very  similar  in  character. 
The  main  wave  is  the  same,  although  the  kinks  differ.  This 
confusion  is  observed  over  the  telephone,  and  also  in  loud 
speakers. 

Music  is  the  variation  in  pressure  on  the  ear  drum. 
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Human  beings  apparently  like  rhythmic  and  periodic  move- 
ments. There  is  evidently  a  sense  of  pleasure  transmitted 
to  the  brain  by  rhythmic  sounds. 

In  the  photograph  of  the  sextet  from  Lucia  one  is  able 
to  detect  the  various  voices  superimposed  one  upon  the 
other.  In  this  very  complicated  curve,  one  can  see  where 
Caruso's  voice  joins  in  and  alters  the  character  of  the  curve. 

Spoken  words  are  merely  variations  in  pressure  which 
the  ear  has  learned  to  interpret  according  to  certain  formu- 
lae. Unless  the  ear  can  transmit  them  to  the  brain  the 
person  does  not  hear  distinctly.  Distortion  of  the  sound 
may  be  produced  by  the  walls  of  the  room,  by  the  trans- 
mitter, or  in  the  ear  itself. 

Sounds  which  differ  from  one  another  are  made  up  of 
several  partial  tones,  and  the  resulting  wave  is  a  composite, 
which  consists  of  a  fundamental  and  harmonic  overtones. 
It  is  necessary  for  the  ear  to  hear  not  only  the  fundamental 
but  also  each  over-tone  of  the  component  in  its  proper  pro- 
portion. If  the  ear  is  insensitive  to  some  partial  tone  or 
tones  speech  may  not  be  intelligible  through  the  ear. 

The  adequate  investigation  of  the  physical  character- 
istics of  all  sounds,  and  especially  of  the  sounds  of  speech 
and  the  testing  of  standard  forks  by  the  physicist  will  be 
helpful  to  the  science  of  otology. 

Discussion 

Dr.  J.  G.  Wilson,  Chicago :  In  regard  to  the  contribu- 
tion of  acoustics  to  otology,  it  is  superfluous  to  say  that 
we  have  gained  by  listening  to  Professor  Miller  who  is  one 
of  the  leading  acoustic  physicists  in  the  world.  The  whole 
of  acoustics  has  some  bearing  upon  the  question  of  hearing. 

It  must  interest  one  looking  over  the  program  this 
year  to  see  how  the  cochlea  and  its  associated  problems 
have  thrust  aside  the  labyrinth  and  its  problems.  This 
testifies  to  the  attention  which  has  been  paid  in  late  years 
to  the  ear  as  an  orgarf  of  hearing  as  well  as  the  awakened 
interest  of  physicists  in  acoustics.     We. are   fortunate   in 
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having  with  us  Professor  Miller  an  acknowledged  leader  in 
this  branch  of  physics,  whose  ingenious  experiments  have 
done  so  much  to  illuminate  the  field  not  only  of  acoustics, 
but  of  its  practical  application  to  otology  and  to  laryn- 
gology. 

In  the  early  years  of  this  century  acoustics  was  over- 
shadowed by  other  branches  of  physics.  The  great  physi- 
cists of  the  middle  nineteenth  century.  Tyndall.  Ra3leigh. 
Wien,  Helmholtz,  were  believed  to  have  solved  all  the  out- 
standing problems,  and  at  the  end  of  the  century  there 
came  a  lull  in  acoustic  research,  though  investigators  such 
as  Miller  were  working  quietly,  with  little  popular  recog- 
nition, laying  the  foundation  for  future  work.  But  this 
lull  did  not  last  long.  The  rapid  development  of  the  tele- 
phone presented  practical  problems  crying  urgently  for 
solution  which  resulted  in  the  organization  of  an  enthusi- 
astic band  of  research  workers  in  the  Western  Electric. 
Then  came  the  war  which  fortunately  found  such  men  as 
Miller  in  America,  Bragge  in  England  and  many  others 
ready  to  solve  many  of  the  difficulties  which  modern  war- 
fare presented. 

The  problems  of  the  ear  are  intimately  bound  up  with 
physics.  The  labyrinth  is  a  circumscribed  end  organ  so 
designed  as  to  react  to  pressure  and  to  angular  acceleration. 
An  understanding  of  its  reactions  is  essential  to  an  under- 
standing of  pathological  phenomena.  Among  the  many 
physiological  problems  to  be  solved  one  may  point  to  the 
necessity  of  determining  the  physiological  limits  within 
which  the  applied  pressure  is  adequate.  The  determination 
of  this  threshold  of  physiological  stimulation  has  been  de- 
termined recently  by  Dodge  and  has  proved  of  importance 
in  aviation  and  has  explained  many  puzzles  which  have 
troubled  the  flier. 

Today  it  is  with  the  ear  as  an  organ  of  hearing  we  are 
concerned.  Here  also  pressure  variations  play  the  initial 
part,  but  no  longer  a  pressure  of  contained  fluids  varying 
with  body  movements  and  acting  directly  on  the  end  organ. 
It  is  now  the  variation  in  air  pressure  in  a  world  external 
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to  ourselves  which  have  to  be  transformed  into  nerve  im- 
pulses essential  to  conscious  interpretation.  These  ex- 
ternal impulses,  modified  in  amplitude  but  not  in  frequency, 
have  to  be  conducted  to  the  cochlea  where  the  transformer 
lies.  So  there  is  a  relatively  simple  external  mechanism 
which  adequately  conducts  pressures  of  most  complex 
pattern  which  constitute  the  sound  waves. 

To  many  otological  problems  presented  in  the  con- 
ducting mechanism  the  physicist  is  able  to  give  what  is 
apparently  an  adequate  answer.  To  take  but  one  example, 
why  in  middle  ear  disease  is  the  hearing  so  much  better  for 
high  than  low  notes?  The  physicial  explanation  is  suffi- 
cient and  clear.  In  middle  ear  disease  we  have  a  conduc- 
ting mechanism  restricted  in  movement ;  with  forks  at 
different  pitches  but  with  the  same  amplitude  the  energy 
conducted  is  proportional  to  the  frequency,  so  the  energy 
transmitted  is  greater  with  a  high  fork. 

In  the  internal  ear  the  proljlems  change.  Here  also  an 
adequate  explanation  must  be  in  harmony  with  physicial 
data.  How  do  these  complex  acoustic  vibrations  stimulate 
nerve  endings  spread  out  in  linear  formation  ;  how  does  the 
cochlea  analyse  the  wave  of  compound  sound  vibrations 
into  simple  vibrations?  The  transformation  of  these  pres- 
sure variations  into  nerve  energy  to  be  conducted  along  the 
pathway  to  the  higher  conscious  centers  appears  at  present 
to  be  more  a  chemical-physicial  than  a  purely  physicial 
problem.  The  further  problem  how  auditory  impressions 
with  their  distinctive  qualities  are  aroused  is  so  far  un- 
solved and  we  have  no  better  name  for  it  than  psycho- 
physicial. 

The  classical  work  on  hearing  was  written  by  a  physi- 
cist and  physiologist,  Helmholtz.  In  1862  there  was  pub- 
lished his  "Sensations  of  Tone."  Twenty  years  after 
Helmholtz's  death,  Rayleigh  said,  "The  importance  of  his 
observations  and  reasonings  as  well  as  the  charm  with 
which  they  are  expounded  ensure  that  this  book  will  long 
remain  the  starting  point  of  all  discussion  relating  to  sound 
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sensations."  This  dictum  of  a  great  physicist  is  in  complete 
harmony  with  the  teaching  of  today. 

Two  outstanding  principles  enunciated  by  Helmholtz 
which  are  still  of  importance  in  otology  are  : 

CI)  The  middle  ear.  which  conducts  the  sound  waves, 
is  designed  to  solve  the  mechanical  problem  of  how  best  to 
transform  a  motion  of  great  amplitude  and  little  force  such 
as  is  the  air  vibration  when  it  impinges  on  the  drum,  into 
a  motion  of  small  amplitude  and  great  force  such  as  has  to 
be  conducted  ]:)y  the  stapes  to  the  fluid  of  the  internal  ear. 

(2)  The  resonant  theory  of  hearing  in  which  the 
central  idea  of  analysis  of  sound  by  resonance  is  now  ac- 
cepted by  most  physicists  and  physiologists  though  few  are 
willing  to  accept  the  mechanism  which  Helmholtz  associa- 
ted with  the  sympathetic  vibrations.  It  is  well  to  recall 
here  that  he  modified  the  mechanism  involved  as  new  ana- 
tomical data  became  known.  This  theory  is  based  on  the 
supposition  that  the  immediate  effects  of  the  sound  waves 
is  to  set  into  ordinary  mechanical  vibration  certain  internal 
vibrators  and  that  nervous  excitation  follows  as  a  secondary 
consequence.  It  is  difficult  to  suppose  that  physiological 
effects  are  produced  directly  by  the  impact  of  sonorous 
waves  involving  merely  variable  fluid  pressures.  A  ])riori 
possibilities  point  to  resonance. 

Otologists  are  constantly  basing  deductions  in  ear  di- 
sease on  variations  of  the  minimum  audibility  of  hearing. 
Yet  the  scientific  estimation  of  the  threshold  of  stimula- 
tion of  the  ear  as  determined  by  physicial  measurements 
has  not  received  from  otologists  the  recognition  it  deserves. 
It  has  by  physicists.  In  man  such  physicial  measurements 
can  never  attain  to  those  precise  data  so  dear  to  a  mathe- 
matician. We  are  dealing  with  a  being  whose  nervous 
make-u])  will  not  permit  of  such.  However  we  get  suffi- 
ciently close.  The  difficulties  encountered  in  testing  hear- 
ing are  considerable,  much  more  than  in  testing  sight.  In 
testing  sight  we  have  white  light  which  is  for  all  practical 
purposes  a  uniform  cpiality.  In  testing  hearing  we  have  in 
nature  no  uniform  sound  to  use  as  a  standard.     Both  lisrht 
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and  sound  are  vibrations,  but  the  eye  is  not  able  and  is  not 
called  on  to  resolve  light  into  its  composite  colors  and  even 
if  it  were  the  range  of  such  vibrations  is  small  compared 
with  the  ear.  In  the  ear  we  have  a  special  differentiation  of 
function  for  such  analysis  of  range. 

To  the  physicist  of  the  past,  we  are  indebted  for  data 
in  which  otology  has  been  able  to  build  with  surety.  Not 
content  with  increasing  such  data  the  physicist  of  today 
has  by  collaboration  with  the  otologist  broadened  the  field 
of  knowledge.  This  has  already  resulted  in  advantage  to 
otology,  for  instance  in  a  more  accurate  method  of  estima- 
ting the  minimum  audibility  of  different  pitches  and  per- 
mitted a  more  accurate  charting  of  alteration  of  hearing 
in  pathological  cases. 

Dr.  L.  W.  Dean,  Iowa  City:  Dr.  Miller  early  in  his 
remarks  said  that  the  physicist  stopped  at  the  external  ear. 
This  I  feel  is  a  mistake  and  I  think  that  we  will  soon  de- 
velop a  new  type  of  specialist,  a  bio-physicist.  This  man 
who  should  be  both  a  physicist  and  a  biologist  should  do 
his  work  in  teaching  hospitals  and  on  clinical  cases.  I 
believe  that  we  should  have  a  research  laboratory  for  bio- 
physics. In  our  teaching  hospitals  such  men  will  help  us 
very  much  in  solving  clinical  problems. 

Professor  Parker :  I  would  like  to  say  that  there  is  a 
large  laboratory  being  constructed  at  Wood's  Hole,  which 
is  to  cost  a  million  dollars  and  to  be  devoted  to  bio-physics, 
and  the  training  of  just  such  men  as  have  been  asked  for 
here. 

Professor  Dayton  C.  Miller,  (closing)  :  I  am  heartily 
in  sympathy  with  the  views  expressed  by  Dr.  Dean.  I  am 
somewhat  acquainted  with  the  work  of  the  medical  colleges 
and  I  think  physics  should  be  connected  with  physiology, 
biology  and  psychology.  We  must  have  cooperation  in 
order  to  get  the  best  results..  I  believe  it  is  true  of  many 
special  societies  that  they  do  not  have  a  broad  enough  view. 
I  feel  that  I  get  great  inspiration  from  meetings  of  this 
Society,  and  others. 
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By  EDMUND  PRINCE  FOWLER,  M.  D.,  New  York  City 

For  many  years  but  little  has  been  added  to  our  knowl- 
edge of  cochlea  dynamics.  The  reason  for  this  lack  of 
progress  is  apparent  when  we  consider  the  smallness  and 
inaccessibility  of  the  part  and  the  impossibility  of  utilizing 
lower  animals  in  experiments  dealing  with  other  than  gross 
variations  in  sound  perception,  and  above  all  the  difficulty 
in  accurately  measuring,  qualifying,  and  sensing  sound 
phenomena.  Manifestly,  then,  the  approach  to  studies  of 
cochlea  function  must  be  indirect  and  largely  through 
hypothetical  reasoning.  However,  such  reasoning  is  in- 
valuable if  based  upon  reliable  data  and  if  it  accounts  for 
all  known  phenomena  properly  ascribable  to  or  dependent 
upon  the  functions  claimed  for  the  organ  in  question. 
Recently  a  few  noteworthy  researches  have  been  completed 
which  definitely  determine  some  facts  bearing  upon  the 
manner  in  which  the  human  ear  hears.  Very  briefly  I 
shall  set  these  before  you  in  as  non-technical  verbiage  as 
possible.  (The  central,  middle,  and  external  mechanisms 
involved  in  sound  perception  and  interpretation  will  not 
be  dealt  with  herein  except  in  certain  instances.) 

Let  us  recall  the  main  familiar  facts  concerning  how 
the  ear  senses  or  does  not  sense  sound,  and  set  forth  the 
data  newly  discovered  concerning  them. 

L  No  sensation  of  sound  is  perceived  by  the  ear; 
below  a  definite  minimum  intensity. 

2.  do.  above  a  definite  limit. 

3.  do.  below  a  definite  lower  pitch  limit. 

4.  A  sensation  of  feeling  and  then  of  pain  is  perceived 
above  a  definite  maximum  intensity. 

Figure  L  shows  these  limits  graphically;  it  has  been 
published  before  and  fully  discussed  elsewhere,  also  the 
audiometer  used  to  obtain  the  measurements  and  the 
method  of  plotting,  etc.^^^     Modifications  and  additions  to 
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the  instrument  made  it  possible  to  obtain  the  data  herein- 
after detailed.  Note  that  between  500  and  5000  D.  V.  it 
requires  about  1/1000  of  a  dyne  pressure  to  cause  a  sound 
sensation  (this  is  1/1,000,000,000  change  in  atmospheric 
pressure, — remarkably  sensitive  is  the  human  ear). 

5.  Pure  tones  are  differentiated  by  their  properties 
of  pitch  and  loudness.  The  unreliability  of  past  inter- 
related determinations  of  these  properties  has  been  due  to 
two  main  factors  (a)  inadequate  apparatus,  (b)  under- 
estimating the  importance  of  the  particular  intensities  and 
purities  of  pitch  used.  Throughout  the  most  used  range, 
pure  tones  of  different  frequencies,  an  equal  number  of  units 
above  their  threshold  value,  appear  to  the  ear  equally  loud. 

6.  Two  notes  separated  by  a  musical  interval,  sounded 
together,  are  sensed  as  two  distinct  notes  and  neither  is 
mistaken  for  a  tone  having  the  intermediate  pitch  (the 
eye,  however,  cannot  thus  sense  spacial  differences.  Two 
superimposed  colors,  i.  e.,  red  and  green,  appear  as  the 
intermediate  color,  yellow,  etc.). 

7.  If  separated  by  an  octave,  two  notes  are  perceived 
much  more  like  similar  sensations,  and  this  effect  is  accen- 
tuated the  fainter  the  upper  note  is  sounded. 

8.  There  is  a  definite  limiting  difference  in  intensity 
tliat  can  just  be  sensed. 

It  has  been  found  that  if  the  fundamental  of  a  tone  is 
eliminated  by  filters  and  only  the  overtones  allowed  to  reach 
the  ear,  that  nevertheless  the  ear  recreates  the  fundamen- 
tal correctly  and  so  senses  the  tone  as  though  it  had  been 
supplied  intact  with  its  overtones. 

Knudsen(2)  recently  determined  that  the  fractional 
change  in  sound  intensity  detectible  (called  the  Fechner 
ratio)  has  for  intensities  greater  than  10.000  times  the 
threshold  intensity  of  audibility,  the  constant  value  of 
1/10  for  all  frequencies.  For  lesser  intensities  this  value 
progressively  increases  to  1.  for  very  faint  sounds.  The 
intensity  differentiating  mechanisms  appear  similar  in  the 
two  ears,  but  noticeable  differences  are  shown,  not,  however, 
as  great  as  between  the  ears  of  different  persons.    Binaural 
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hearing  appears  to  be  equal  to  normal  in  its  ability  to 
detect  changes  in  sound  intensity,  provided  the  same 
amount  of  energy  is  fed  into  both  ears  as  into  the  single  ear." 
It  seems,  then,  that  to  detect  a  change  in  loudness, 
there  must  be  a  change  in  sound  intensity  equal  to  10  per 
cent.  (10  per  cent  louder  or  10  per  cent  fainter).  Lesser 
amounts  of  change  do  not  carry  to  the  brain  a  noticeable 
change  of  stimulation.  The  Fechner  ratio  is  almost  in- 
dependent of  quality. 
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Fig.   1 

9.  There  is  a  definite  difference  in  pitch  which  can 
just  be  sensed.  Knudsen's^^)  data  on  pitch  sensibility  show 
that  for  frequencies  above  400  the  fractional  change  in 
frequency  just  perceptible  is  a  constant  equal  to  .003  (3/10 
of  one  per  cent),  and  below  400  progressively  increases  to 
about  .01  (1  per  cent)  at  64  D.  V. 

It  is  possible  to  calculate  from  these  data  the  number 
of  pure  tones  of  different  intensity  perceptible  by  the  ear  in 
the  auditory  sensation  area  (see  Fig.  1.)  Such  a  calcu- 
lation on  the  100  D.  V.  line  gives  270  tones  perceptible  as 
different  in  loudness. 

It  is  also  possible  to  calculate  from  Knudsen's  data  the 
number  of  pure  tones  of  different  frequency  perceptible  at 
a  given  sound  pressure  for  all  the  frequencies  perceptible 
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at  such  a  pressure.  A  calculation  along  the  10  dyne  pressure 
line  indicates  the  number  of  pure  tones  perceivable  as  being 
different  in  pitch  is  about  nOO/'"^)  Moreover  the  number 
of  pure  tones  within  the  whole  auditory-sensation  area 
perceivable  as  different  has  been  in  like  manner  calculated 
as  approximately  300,000.  Knudsen  and  S'hambaugh^'*) 
determined  in  various  types  of  deafness  that  the  pitch  and 
loudness  differentiating  mechanisms  were  not  greatly  af- 
fected. The  author  has  examined  these  responses  in  scores 
of  abnormal  ears  and  with  some  exceptions  found  likewise. 
It  is  apparent  that  a  deaf  ear  will  be  limited  in  the  number 
of  possible  pure  tones  it  can  sense.  Wegel  suggests  that 
"a  logical  definition  of  the  amount  of  hearing  present  is 
the  percentage  of  the  total  number  of  distinguishable  pure 
tones  audible  to  a  normal  ear  that  can  be  sensed  by  the 
deaf   ear." 

Figure  2  shows  graphically  the  masking  of  the  various 
frequencies  by  a  tone  of  1200  D.  V.  thrown  into  the  same 
ear,  plotted  logarithmically.  The  ordinates  show  the  loud- 
ness necessary  at  various  frequencies  for  minimum  audi- 
bility in  the  presence  of  the  masking  tone  (1200  D.  V.) 
The  loudness  of  the  masking  tone  is  measured  along  the 
abscissae. 

10.  Intense  sounds  may  mask  weaker  sounds.  (Page 
6.  1st  P.)  Wegel  and  Lane's(5)  recent  work  shows  the 
following  characteristics  of  masking  in  relation  to  intensity 
and  frequency :  (a)  Tones  much  below  the  frequency  of 
the  masking  tone  are  not  perceptibly  masked  by  the 
smaller  intensities  and  are  only  slightly  masked  for  the 
very  loud  tones. 

(b)  Tones  much  above  the  frequency  of  the  masking 
tone  also  are  not  perceptibly  masked  by  the  smaller  inten- 
sities, but  at  a  definite  high  intensity  masking  occurs  and 
quickly  increases  as  the  masking  tone  is  increased  in  in- 
tensity. 

(c)  Masking  is  greatest  when  the  tones  are  close  to- 
gether. 

(d)  When  close  enough  to  produce  beats,  the  curves 
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really  represent  measurements  of  the  minimum  perceptible 
intensity  fluctuations  of  the  beating  tone.  This  accounts 
for  the  depression  in  such  curves  at  low  intensities,  as 
here  the  two  tones  may  be  separately  inaudible,  and  yet 
if  they  are  not  below  one-half  minimum  audible  pressure, 
beats  will  appear  as  the  tones  alternately  coincide  and 
diverge  in  phase.  At  higher  intensities,  the  amount  of  the 
minimum  perceptible  beating  fluctuations  may  be  obtained 
from  the  diflference  between  abscissae  and  ordinates. 

Figure  3  shows  the  effect  of  crossed  binaural  masking, 
i.  e.,  masked  and  masking  tones  in  opposite  ears. 

The  broken  lines  curves  represent  monaural  masking, 
as  in  Figure  2.  Note  that  the  two  sets  of  curves  are  very 
similar  except  for  the  displacement  of  the  binaural  curves 
to  the  right,  this  displacement  representing  100  to  1000 
times  the  intensity  of  the  monaural  curves.  It  appears 
that  to  mask  a  tone,  even  as  faint  as  at  minimum  audi- 
bility in  the  opposite  ear,  the  masking  tone  must  be  often 
increased  to  10.000  times  the  intensity  of  its  threshold 
value. 

It  is  conceivable  that  masking  may  be  "central"  (i.  e., 
in  the  brain)  and  "peripheral"  (i.  e.,  in  the  ear).  The  data 
indicates  that  central  masking  for  pure  tones  is  small,  and 
peripheral  masking  small  or  large  depending  upon  the 
frequencies  used. 

To  prove  the  dominating  role  of  mechanical  reactions 
in  the  ear  in  such  aural  sensations,  the  author  made  use  of 
the  phenomena  of  beats,  using  two  tuning  forks  slightly 
differing  in  pitch,  vibrating  equally,  one  before  each  ear. 
Beats  set  up  by  such  an  arrangement  will  cease  five  to 
fifteen  seconds  (depending  upon  the  fork)  before  either 
ear  loses  the  tone  of  its  fork.  But  if  the  forks  are  held 
one  on  each  mastoid  (or  both  before  the  same  ear)  the 
beats  will  cease  coincidently  with,  or  even  later  than,  the 
tones.  This  confirmed  our  opinion  that  the  beats  are  set 
up  in  the  ear,  that  they  are  not  simply  brain  interpretation!! 
because,  in  the   first  case,  when  the   intensity  fell   below 
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minimum  audibility  for  the  opposite  ear,  each  ear  hearri 
only  its  own  fork,  and  the  brain  then  interpreted  these  two 
frequencies  as  the  same  sound  (no  beats  being  heard). 
When,  however,  the  forks  are  both  before  one  ear,  or  one 
upon  each  mastoid,  the  beats  continue  as  long  as  the  tones 
of  both  forks  are  heard,  and  even  the  faintest  sounds  beat. 
This  experiment  also  suggests  other  interesting  possi- 
bilities. 

How  comes  it  that  the  brain  interprets  as  one  sound 
two  different  tones  (one  into  each  ear),  which  if  introduced 
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Fig.   12 

simultaneously  into  one  ear  it  hears  as  a  beating  tone, 
unless  the  ear  mechanism  is  the  determining  factor?  Fur- 
ther audiometric  measurements  of  these  phenomena  will 
be   undertaken. 

Figures  4  to  11*  show  audiograms  of  hearing  and  mask- 
ing data  in  various  obstructive  lesions  (i.  e.,  cto-sclerosis, 
O.  M.  C.  C,  Radical  Mastoid,  and  O.  M.  S.  C 

Figure  12  is  the  audiogram  of  a  combined  obstructive 
and  nerve  deafness.  The  two  curves  for  each  ear  were 
taken  on  different  dates,  because  of  marked  differences  in 
hearing. 


♦Cuts  of  these  figures  are  omitted  from  article  publislied  herein. 
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Figure  13  shows  the  effect  of  these  lesions  upon  mask- 
ing data,  in  comparison  to  the  normal  data,  the  latter 
shown  by  the  continuous  line  curves.  Very  little  masking 
is  demonstrated  at  all  l)ut  the  highest  frequency  tested 
(using  a  masking  tone  of  800  D.  V.)  and  yet  this  patient 
upon  subsequent  careful  testing  showed  no  paracousis 
Willisi  in  the  presence  of  various  sounds.  The  meaning 
of  the  ability  of  this  patient  to  hear  better  in  the  presence 
of  the  masking  tone  is  not  as  yet  apparent. 
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Different  degrees  of  loudness  of  the  masking  tone  vary 
greatly  masking  data.  Figure  14  shows  how  three  different 
degrees  of  loudness  of  a  1200  D.  V.  tone  affect  various 
frequencies,  by  the  varying  masking  slopes.  The  loudest 
tone  in  the  region  of  the  first  and  second  overtones  show 
similar  characteristics  to  those  near  the  fundamental.  In 
other  words,  as  if  three  introduced  tones  were  simultan- 
eously present  of  1200,  2400,  and  3600  D,  V.  respectively. 
These  two  overtones  were  not  found  present  in  the  air, 
hence  they  originated  in  the  ear  itself. 
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Figure  15  shows  the  topmost  curve  of  Fig.  14  at  like 
intensity  (10,000  times  minimum  audibility)  in  combina- 
tion with  various  secondarily  introduced  frequencies.  In 
addition  to  the  masking  data,  it  was  observed  that  the 
character  of  the  sounds  sensed  varied  greatly  when  the 
secondarily  introduced  masked  tones  became  audible,  de- 
pending upon  their  frequency  and  position  in  relation  to 
the  frequency  of  the  masking  tone.  The  figure  shows 
graphically  that  when  the  masked  frequencies  are  below 
the  1200  D.  V.  masking  tone  they  become  audible  first  and 
are   correctly   sensed  as   secondary   tones   along  with   the 
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difTerence  tone.  When  the  masked  frequencies  between 
the  primary  and  the  first  harmonic  are  brought  up  to  audi- 
bility, they  are  not  sensed  first  as  a  secondary  frequency 
but  as  a  different  tone.  The  meaning  of  the  rest  of  the 
figure  is  obvious. 

Analyzing  the  mixture  of  tones  sensed  by  the  ear  by 
introducing  a  primary  of  1200  D.  V.  at  intensity  of  6x  104 
(60,000  times  min.  Aud.)  and  a  secondary  of  700  D.V.of 
like  intensity,  Wegel  and  Lane  found  present  all  (but  one) 
of  the  harmonics  summation  and  difference  tones  theo- 
retically possible  from  such  a  combination,  up  to  the  fourth 
order,  beyond  which  they  were  not  searched  for. 
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This  again  shows  that  the  ear  itself  manufactured  all 
these  tones  from  the  pure  tones  introduced.  Some  diseased 
ears  greatly  exaggerate  this  non-linearity  of  the  ear. 

The  outstanding  points  of  masking  experiments  and 
their  bearing  upon  otologic  practice  were  detailed  by  the 
author  before  the  N,  Y.  Academy  of  Medicine  on  the  13th 
of  April,  1924,  also  the  effect  upon  the  deaf  of  extraneous 
noises. 

Though  masking  phenomena  have  been  thought  fatal  to 
any  resonance  theory  of  tone  discrimination,  they  actually 
furnish  data,  making  possible  the  calculation  of  certain 
vibration  characteristics  of  the  inner  ear,  and  renew  our 
belief  in  at  least  a  modified  resonance  theory  of  tone  dis- 
crimination. Also  the  data  on  minimum  detectible  frequency 
and  intensity  changes  serve  as  weapons  to  attack  the  prob- 
lem. 

There  lingers  a  belief  in  the  minds  of  otologists  that 
the  sizes,  densities,  elasticities,  and  other  physical  proper- 
ties of  the  walls  or  contents  of  the  cochlea  may  by  differing 
in  different  ears,  or  changing  in  the  same  ear,  cause  the 
acoustic  characteristics  of  even  normal  ears  to  vary  to  such 
an  extent  that  any  resonance  theory  of  discrimination  is 
untenable.  Upon  most  substantial  physical  authority,  it 
may  be  stated  that  no  matter  what  the  exact  amount  of 
these  quantities  may  be,  the  acoustic  characteristics  will 
be  analogous,  and  all  cochleas  must  act  mainly  as  follows : 
(Fig.  16). 

Sound  pressure  vibrations  moving  the  stapes  (S)  in 
and  out  of  the  oval  window,  will  cause  a  mass  movement 
of  the  fluid  in  the  scala  vestibuli,  which  mass  movement 
can  occur  only  by  displacing  the  basilar  membrane 
through  the  helicotrema  (H)  or  both.  And  in  addition  by 
an  outward  and  inward  excursion  of  the  round  window 
membrane  (R.  W.).  The  latter  necessarily  moves  in  oppo- 
site phase  to  that  of  the  stapes  movement, — that  is,  while 
the  stapes  goes  in,  the  R.  W.  membrane  goes  out,  and  vice 
versa.  If  the  stapes  or  round  window  membrane  is  immo- 
bile,   no    measurable    movement    of    the    contents    of    the 
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cochlea  can  take  place.  Sound  wave  propagation  is  by 
mass  movement ;  it  cannot  be  originated  or  propagated 
without  to  and  fro  mass   movements. 

If  the  pressure  change  be  very  slow,  no  motion  of  the 
basilar  membrane  will  occur,  and  the  mass  movement  of 
the  liquid  will  take  place  through  the  helicotrema. 

At  low  frequencies  the  impedences  caused  by  the  in- 
stallation of  the  mass  movements  are  small  and  the  im- 
pedences caused  by  the  size,  elasticity,  mass,  etc.,  of  the 
basilar  membrane  are  large  (i.  e.,  not  easily  moved),  hence 
slow  mass  fluctuations  tend  to  go  around  bv  wav  of  the 


Fig.   16 

helicotrema,  and  only  a  relatively  small  amount  are  shunted 
through  the  membrane, — and  then  mostly  at  its  distal  end, 
this  end  having  less  impedence  to  the  induced  mass  move- 
ment. 

At  extremely  high  frequencies,  the  impedence  caused 
by  the  installed  vibrations  is  very  great  and  the  impedence 
caused  by  the  size,  elasticity,  mass,  etc.,  of  the  basilar  mem- 
brane is  small ;  hence  the  tendency  is  to  shunt  high  fre- 
quencies through  the  basilar  membrane  structures.  ( In 
other  words,  nearer  to  or  at  the  proximal  end.) 

For  each  single  frequency,  then,  a  maximum  vibration 
must  pass  through  the  area  which  has  for  such  frequency 
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the  smallest  resistance  path  associated  with  it,  and  we  may 
judge  pitch  by  the  relative  position  of  the  area  stimulated. 

We  may  now  readily  understand  why  the  low  notes 
are  registered  in  the  distal  whorl,  the  high  notes  in  the 
basal  whorl,  and  the  middle  notes  in  the  whorl  between 
these  two ;  also  why  the  upper  and  lower  limits  of  audi- 
bility exist,  because  if  the  pitch  of  a  note  is  too  low  or 
too  high  to  focus  upon  the  basilar  membrane,  or  cause 
any  perceptible  vibration  of  it,  we  are  beyond  the  upper  or 
lower  limits  of  audition.  Between  these  two  limits  the 
energy  of  vibration  is  transmitted  through  the  basilar  mem- 
brane and  we  can  sense  it  as  sound.  No  matter  how  else  the 
cochlea  functions,  it  definitely  must  also  and  mainly  func- 
tion as  outlined  above. 

The  basilar  membrane  is  about  32  mm.  long,  and  the 
acoustic  nerve  elements  appear  to  be  quite  evenly  dis- 
tril)uted  along  it,  therefore,  considering  these  elements  as 
acting  similarly  to  tactile  nerves  (which  of  course  they 
are,  only  highly  specialized)  we  may  reason  that  if  two 
frequencies  nearly  alike  cause  sound  sensation  stimulation 
of  adjacent  elements  of  the  basilar  membrane,  the  mini- 
mum detectible  frequency  difference  will  be  proportionate 
to  the  minimum  detectible  distance  between  the  separate 
disturbances  on  the  membrane  caused  by  the  two  fre- 
quencies. The  minimum  detectible  frequency  difference 
will  also  be  inversely  proportional  to  equal  elements  of 
distance  along  the  basilar  membrane, — in  other  words,  the 
frequency  areas  become  more  and  more  crowded  as  they 
approach  the  basal  whorl. 

The  cochlea  functions  within  an  audible  frequency 
range  between  about  16  to  20,000  (d.  v.)  ,  and  since  Knud- 
sen's  data^-^  give  the  minimum  detectible  frequency  differ- 
ences in  the  normal  ear,  it  is  possible  to  calculate  the  dis- 
trilDUtion  of  areas  giving  the  maximum  response  to  each 
frequency  along  the  basilar  membrane.  A  distribution  so 
computed  is  plotted  in  Figure  16.  The  1000  d.  v.  region 
lies  about  midway  on  the  length  of  the  membrane  and  the 
spacing  of  equal  frequency  intervals  decreases  as  the  proxi- 
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mal  end  is  approached.  There  are  reasons  for  thinking  that 
no  very  marked  maximal  areas  of  vibrations  occur  for. 
frequencies  above  16,000  or  below  20  cycles,  but  if  they  do. 
the  distribution  as  shown  in  Figure  16  would  be  but  little 
altered. 

Figure  17  shows  a  hypothetical  curve  of  the  vibration 
amplitude  of  the  basilar  membrane  along  its  length  set  up 
by  some  primary  tone  of  single  frequency.  A  maximum 
is  indicated  at  point  R.  and  rapid  falling  off  on  both  sides. 


OVAL  WINDOW 


R,  Ri 

distance:  from  oval  window 
Fig.   17 
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The  horizontal  dotted  line  indicates  the  amount  of  move- 
ment necessary  for  minimum  audibility  along  the  length, 
assuming  the  end  organs  are  so  nearly  alike  in  response 
and  situation  as  to  require  for  all  the  same  amount  of 
motion  for  minimum  audible  sensation.  The  figure  illus- 
trates well  that  although  the  whole  membrane  vibrates  to 
any  frequency,  a  sensation  is  aroused  only  when  the  curve 
is  above  the  dotted  line;  and  the  greatest  sensation  is 
obtained  near  the  area  of  maximum  vibration. 
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Three  small  curves  show  three  different  magnitudes 
of  the  first  harmonic,  having  maxima  at  Ro.  Curve  A  in 
the  presence  of  the  primary  tone,  is  not  sensed  (because 
masked  by  the  primary)  but  alone  it  would  of  course  be 
audible.  Curve  C  is  detectible  even  in  the  presence  of  the 
primary  tone  (not  masked).  Curve  B  represents  some 
magnitude  between  A  and  C  which  corresponds  to  a  mini- 
mum detectible  magnitude  of  the  secondary  tone.  At  this 
intensity  some  definite  relation  must  exist  between  the 
magnitude  of  the  primary  and  secondary  tones  (Ro)-     As- 
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Fig.    18 

suming  these  magnitudes  equal  at  R2,  we  may  by  introduc- 
ing another  secondary  tone  explore  and  measure  the  am- 
plitudes of  motion  set  up  by  the  primary  tone  at  various 
points  along  the  basilar  membrane  (with  certain  excep- 
tions). Wegel  and  Lane  thus  directly  measured  the  amp- 
litude of  vibration  of  the  basilar  membrane,  stating  this 
in  units  of  the  minimum  audible  amplitude  of  vibration 
of   this   membrane. 

We  show  this  graphically  in  Figure  18,  outlining  the 
vibrations  of  the  basilar  membrane  for  different  frequencies 
at  the  same  pressure  for  all,  of  .5  dynes  per  Cm.-  in  the 
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external  auditory  meatus,  and  Figure  19,  illustrating  the 
amplitudes  of  vibration  of  different  portions  of  the 
membrane  for  two  frequencies  at  8000  times  minimum 
audibility.  For  full  details  regarding  these  two  figures, 
see  the  original  paper  of  Wegel  and  Lane.^-^^  The  curves 
show  clearly  why  the  perception  of  one  tone  is  interfered 
with  by  the  presence  of  a  second  tone  when  the  fre- 
quencies lie  close  together,  since  the  mechanism  necessary 
for  the  perception  of  the  first  tone  is  already  under  stimula- 
tion by  the  second,  and  therefore  less  responsive  to  further 
stimulation  than  if  it  were  undisturbed.     The  curves  show 
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also  how  widely  separated  frequencies  may  set  up  stimula- 
tion of  distinctly  different  nerve  areas,  and  hence  send 
distinctly  different  impulses  to  the  brain,  and  consequently 
why  with  widely  separated  frequencies  there  is  no  masking 
or  confusion  except  such  little  or  none  as  may  normally 
occur   in   the   brain. 

All  accurate  physical,  anatomical,  histological  and  path- 
ological findings  to  date,  and  experimental  models  of  the 
cochlea,  appear  to  bear  out  the  theory  of  cochlea  action  as 
outlined. 

Granting  these  data  and  this  theory  for  sound  received 
via  the  air,  will  thev  hold  true  for  bone  conduction? 
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.  In  the  lirst  place,  there  is  no  such  thing  as  pure  bone 
conduction,  and  in  the  second  place  there  is  no  such  thing 
as  pure  air  conduction ;  both  are  relative  terms.  By  both 
methods  of  sound  reception  it  is  mainly  movement  of  the 
stapes  region  which  normally  transplants  sound  impulses 
into  the  cochlea  ;  and  it  is  mainly  the  oval  window  which 
normally  dissipates  these  mass  movements  after  they  have 
travelled  their  various  courses  into  the  scala  tympani. 

We  are  taught  that  with  tuning  forks  normally  air 
conduction  is  about  double  bone  conduction.  The  reason 
for  this  teaching  is  several-fold. 

(1)  The  prevalent  method  of  using  the  prongs  of 
tuning  forks  for  air,  and  the  ends  of  the  shanks  for  bone 
conduction. 

(2)  Ignoring  the  effect  of  or  shutting  out  of  ex- 
traneous noises. 

(3)  The  abnormal  bone  conduction  of  the  patient  or 
the  examiner. 

(4)  The  technique  of  applying  the  fork. 

(5)  The  tone  of  the  fork  used. 

I  find  that  if  solely  the  fork's  shank  is  used  first  upon 
the  mastoid,  and  then  immediately  upon  the  cessation  of 
its  tone  close  to  the  meatus  without  touching  the  latter 
there  is  little  if  any  difference  between  air  and  bone  con- 
duction by  the  C,  C,^  and  C-  forks  this  method  of  testing 
for  Rinne  or  Schwabach  has,  by  the  way,  several  advantages 
over  the  usual  technique. 

By  A.  C.  we  may  regard  the  container  of  the  inner  ear 
(the  bone)  as  stationary,  and  the  stapes  as  moving;  whereas 
in  B.  C.  the  stapes  is  stationary  and  the  container  moves  ; 
hence  the  result  and  the  fundamental  mechanism  is  the 
same  in  both  instances. 

Three  questions  as  to  this  theory  will  be  forthcoming: 
(1)  How  does  it  explain  increased  bone  conduction  in 
disease?  Briefly,  any  loading  of  the  stapes  and  its  annular 
ligament  causing  increased  elasticity  and  increased  inertia, 
will  increase  B,  C.  Most  of  the  recorded  B.  C.  data  do  not 
take  into  consideration  two  important  elements : 
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(a)  the  relative  protection  from  extraneous  sound  of  an 
obstructed  ear;  (b)  the  normal  bone  conduction  of  the  ear 
in   question. 

The  small  numbers  of  seconds  usually  given  as  de- 
noting increased  or  diminished  B.  C.  mean  but  little 
and  are  not  in  my  opinion  sufficient  evidence.  Either  in- 
creased or  diminished  bone  conduction  may  logically  follow^ 
obstructive  lesions,  depending  upon  the  relative  increase 
or  diminution  of  the  elasticity,  and  the  loading  or  unload- 
ing of  the  window  membranes. 

It  is  even  conceivable  that  increased  bone  conduction 
may  in  certain  instances  exist  with  both  obstructive  and 
inner  ear  lesions.  I  believe  it  sometimes  does.  As  the 
author  has  repeatedly  stated,  there  must  be  other  evidence 
of  nerve  lesion  besides  slightly  diminished  B.  C.  to  make 
a  diagnosis  of  nerve  deafness  (diminished  B.  C,  per  se,  may 
mean  obstructive  lesion  or  nerve  lesion,  or  both.)  (or 
neither) 

(2)  Does  it  explain  increased  B.  C.  in  health  and  lack 
of  increase  in  certain  diseased  ears  elicited  by  meatal  clo- 
sure? Careful  repeated  trials  on  many  normal  ears  in  a 
quiet  place  appear  to  show  that  on  meatal  closure  there 
is  a  change  in  quality  due  to  several  things  (changed  reso- 
nance in  the  external  auditory  meatus,  etc.)  and  that  this 
is  sensed  as  increased  loudness  of  the  sound  with  moderate 
and  loud  intensities,  but  by  measuring  very  faint  intensi- 
ties by  B.  C.  minimum  audible  values  appear  but  little 
changed,  whether  the  meatus  is  open  or  closed,  if  care  is 
taken  not  to  vary  the  meatal  air  pressure.  If  the  air 
pressure  is  increased  the  faintest  trifle,  the  drum  and  ossi- 
cles and  cochlear  windows  are  increased  in  elasticity  and 
load,  (unless  disease  prevents  such  an  increase)  and  of 
course  then  increase  the  transmission  of  sound  to  the  inner 
ear  by  B.  C.  (if  increased  more  than  a  trifle,  the  opposite 
effect  is  produced,  i.  e.,  diminished  B.  C.) 

(3)  Weber's  phenomena.  How  is  this  explainable? 
Weber  is  demonstrable  in  noisy  or  quiet  surroundings.  It 
also  is  largely  dependent  upon  resonance,  phase  changes. 
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etc.,  and  is  most  marked  on  complete  meatal  closure,  and 
this  latter  means  pressure  in  the  external  auditory  meatus 
and  upon  the  drum  and  all  the  ossicles.  The  stapes  is 
thus  loaded  and  the  elasticity  of  the  annular  ligament  is 
increased.  If  any  lesion  prevents  this  increase  in  loading 
and  increased  elasticity,  no  increase  in  lateralization  of 
vertex  forks  is  noted  on  meatus  closure  in  spite  of  the  fact 
that  the  resonance  and  pressure  changes  are  equal  to  those 
eliciting  the  phenomena  in  the  normal  ear. 

If  a  rubber  tube  is  tightly  inserted  into  the  meatus. 
Weber  will  vary,  depending  upon  the  part  of  the  tube  com- 
pressed,— generally  becoming  less  and  less  marked  as  the 
compression  of  the  tube  is  made  further  and  further  from 
the  meatal  end  largely  because  this  compresses  the  con- 
tained air  in  a  diminishing  degree. 

Weber  may  be  elicited  by  the  fraction  of  a  millimeter 
of  water  pressure,  plus  or  minus,  in  the  meatus,  unless  there 
is  ankylosis  or  adhesions  preventing  sufficient  loading  or 
increased  elasticity  to  obtain.  That  slight  negative  pres- 
sure may  increase  bone  conduction,  was  pointed  out  by  the 
author  twelve  or  thirteen  years  ago,  but  at  that  time  he 
failed  to  perceive  its  significance. 

Other  variable  factors  also  enter  into  Weber  phenom- 
ena, but  it  would  be  unwise  to  take  them  up  at  this  time. 

In  closing,  we  call  attention  to  the  position  of  the 
cochlear  windows,  especially  in  connection  with  :B.  C. 
phenomena.  The  planes  of  these  windows  lie  approxi- 
mately at  right  angles  to  one  another,  so  that  they  will  be 
affected  in  different  degrees  by  bone  conduction  from  vari- 
ous parts  of  the  skull,  depending  upon  the  direction  trend 
of  the  sound  wave  movements.  If  they  were  in  similar 
planes  and  facings,  it  is  probable  that  any  given  vibration 
would  simultaneously  set  up  similar  phase  movements  in 
both,  and  thus  always  tend  to  make  sound  transmission 
through  the  cochlea  depend  largely  upon  the  dominance  of 
the  heavier  window  diaphragm.  If  they  were  placed  facing 
in  opposite  directions,  that  is,  the  oval  window  externally 
and   the    round   window    somewhat    internally,    certain    vi- 
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brations  would  affect  them  in  opposite  phase,  thus  in- 
creasing the  facility  of  sound  transmission  into  and  out  of 
the  cochlea  by  bone  conduction.  In  some  skulls,  the  round 
window  appears  to  face  slightly  the  reverse  of  the  oval 
window  but  in  any  case  it  may  be  that  varying  positions 
of  the  windows  is  one  reason  for  variations  in  bone  con- 
duction between  normal  ears. 

Measurements  with  tuning  forks  and  audiometer  B. 
C.  receivers,  appear  to  coincide  with  the  theories  just  out- 
lined, but  there  are  so  many  variable  factors  in  the  acous- 
tics of  the  ear  that  it  is  only  by  patiently  grouping  together 
data  and  reasoning  which  at  first  sight  appear,  it  may  be. 
absolutely  irrelevant,  that  we  will  finally  build  up  an  un- 
assailable theory  of  ear  dynamics.  Encouraging  progress 
is  under  way  of  late,  and  ultimately  some  of  these  now 
seemingly  useless  data  may  be  the  means  of  aiding  the 
otologist  in  his  perennial  hunt  for  the  prevention  and  cure 
of  deafness.     This,  of  course,  is  our  ultimate  aim. 
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Discussion. 

Dr.  G.  E.  Shambaugh,  Chicago:  How  complex  this 
problem  of  audition  is,  is  very  clearly  brought  out  in  these 
two  discussions.  When  one  has  a  knowledge  of  all  there 
is  to  say  about  the  physics  of  sound  and  attempts  to  ex- 
plain how  audition  takes  place  one  has  to  begin  with  very 
accurate  knowledge  of  the  cochlea  in  which  the  physical 
impulse  and  nerve  impulse  takes  place.  I  was  interested 
in  the  studies  of  the  minute  structures  in  the  internal  ear. 
In  the  study  of  the  anatomy  of  the  internal  ear  one  can 
reach  certain  fundamental  conclusions,  which  we  must 
start  with  in  order  to  build  up  any  theory  of  the  physio- 
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logy  of  the  cochlea.  In  the  first  place  this  is  clear,  that  the 
actual  anatomic  entity  in  which  the  transference  of  the 
physical  impulse  or  nerve  impulse  takes  place  is  the  hair 
bearing  cell.  That  is  the  anatomic  entity  because  the  au- 
ditory nerve  has  its  terminal  filaments  in  these  cells. 

Second :  the  way  in  which  that  cell  receives  its  stimu- 
lation or  physical  impulse  is  by  means  of  its  sensitive 
tentacles. 

Third :  How  are  the  structures  acted  upon  by  the 
physical  impulse?  (a.)  They  may  receive  the  impulse 
passing  through  the  hair  bearing  cells.  This  has  l^een  one 
idea  on  the  subject.  These  hairs  are  imbedded  in  the  tec- 
torial membrane.  Therefore  to  get  stimulation  there  must 
be  interaction  between  the  hair  cells  and  the  superimposed 
structures.  How  can  this  interaction  be  brought  about? 
Either  the  hair  cells  are  pushed  up,  or  the  superimposed 
structure  is  moving.  It  must  be  one  or  the  other.  Ana- 
tomic study  may  throw  some  light  upon  which  one  of  the 
reactions  does  take  place.  In  the  first  place  when  the 
sound  stimulation  comes  through  the  oval  window,  the  first 
thing  it  strikes  is  the  membrana  tectoria  before  it  can 
reach  the  basilar  meml)rane.  Therefore  it  is  the  tectorial 
membrane  which  is  acted  upon  first  and  is  the  one  which 
does  react  physically  to  the  impulse  of  the  sound  waves. 
When  we  study  the  internal  ear  there  are  three  end  organs : 
(a)  cochlea;  (b)  vestibule;  (c)  semi-circular  canals.  Each 
has  a  structure  of  the  hair  bearing  cells  which  is  always 
adherent  to  the  superimposed  structure,  respectively,  as 
follows,  that  of  the  cochlea  to  the  membrana  tectoria  ;  that 
of  the  vestibule  to  the  otolith  membrane ;  that  of  the  semi- 
circular canals  to  the  cupula.  In  two  of  the  end  organs 
that  physical  reaction  is  movement  of  the  superimposed 
structure,  either  the  cupula  or  the  otolith  membrane,  there- 
fore it  seems  logical  to  think  of  the  membrana  tectoria. 
The  physicist  thinks  of  the  membrana  basilaria  because 
he  sees  something  which  he  can  fix  upon  as  a  possibility 
vibrating  structure ;  but  I  do  not  think  that  the  membrana 
basilaria   fills   the    properties    required    for   the    vibrating 
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structure  because  it  must  always  vibrate  at  the  same 
rate  to  the  same  impulse.  I  do  not  think  it  can  be  the 
basilar  membrane  because  it  disappears  before  it  reaches  the 
lower  end  of  the  basilar  coil,  as  you  get  down  near  the  end  of 
the  basilar  coil  where  the  membrane  becomes  shorter  and 
where  you  would  expect  it  to  become  finer  and  finer,  but 
you  find  a  thick,  fleshy  membrane,  which  lacks  similarity 
to  the  upper  part.  If  it  reacts,  it  must  react  in  a  different 
way  because  it  is  a  solid  fleshy  structure  and  in  some  cases 
is  osseous  below.  Therefore,  I  do  not  think  the  basilar 
membrane  can  fill  the  roll  of  vibrating  membrane.  The 
basilar  membrane  has  a  blood  vessel  attached  to  the  under 
side  of  the  membrane,  therefore  it  must  expand  and  con- 
tract. Physicists  may  say  it  is  imbedded  in  fluid,  therefore 
it  does  not  make  any  difference,  but  I  think  it  does  make 
a  difference  whether  the  membrane  is  sometimes  thick 
and  sometimes  thin.  The  tension  would  have  to  be  the 
same  for  it  to  vibrate  in  the  same  way  at  all  times. 

The  spiral  ligament  is  a  highly  vascular  structure, 
therefore  the  spiral  ligament  changes  the  tension  of  the 
basilar  meml^rane,  depending  upon  whether  it  is  congested 
or  anemic.  Even  if  we  give  in  on  the  question  of  the 
blood  vessel  on  the  under  side  of  the  basilar  membrane, 
we  have  the  structure  of  the  ligamentum  spiralis  which 
makes  it  impossible  for  the  basilar  membrane  to  act  as 
the  vibrating  structure. 

We  must,  therefore  pick  out  the  structure  which  logi- 
cally is  able  to  do  the  work,  and  this  is  the  membrana  tec- 
toria.  I  know  that  physicists  will  balk  at  that,  but  I  be- 
lieve that  this  is  the  vibrating  structure,  and  that  we  can 
work  out  a  hypothesis  on  this  basis  to  explain  the  various 
phenomena  of  hearing. 

Mr.  R.  L.  Wegel,  N.  Y.  (by  invitation)  :  I  would  like 
to  show  you  a  slide  which  is  a  conventional  cross-section 
diagram  of  the  essential  mechanism  of  the  ear  and  I  think 
that  with  it  I  can  substantiate  what  Dr.  Fowler  has  said  in 
connection  with  the  functioning  of  this  mechanism.  My 
knowledge    of   anatomy   and    the   histology   of    the    ear   is 
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extremely  limited,  but  such  as  it  is,  has  been  derived  prin- 
cipally from  the  work  of  Retzius  and  from  the  more  recent 
work  of  Dr.  Shambaugh.  It  seems  to  me  quite  evident  that 
the  stimulation  of  the  nerve  terminals  in  the  organ  of  Corti 
takes  place  as  a  result  of  the  relative  tendency  to  move  or 
relative  motion  of  the  tectorial  and  basilar  membranes. 
Dr.  Shambaugh  has  shown  that  the  tectorial  membrane  is 
normally  fastened  to  the  organ  of  Corti.  If  there  is  a 
motion  of  the  fluid  in  which  this  membrane  is  suspended 
there  will  be  a  pulling  at  the  cilia  of  the  hair  cells  and  a 
stimulation.  If  there  is  a  motion  of  the  basilar  membrane 
in  a  limited  region  there  will  also  be  some  kind  of  a 
pulling  or  shearing  tendency  on  the  cilia  which  must  result 
in  stimulation.  If  we  concentrate  our  attention  on  a  motion 
of  the  basilar  membrane,  therefore,  we  may  assume  that 
stimulation  takes  place  at  the  place  where  the  basilar  mem- 
brane moves. 

Since  the  dimensions  of  the  chamber  in  which  the  fluid 
of  the  inner  ear  is  contained  are  very  small  compared  to 
the  wave  length  of  sound  in  it,  we  may,  without  appreciable 
error,  consider  the  fluid  as  being  incompressible.  When 
a  sound  produces  a  motion  of  the  stapes,  there  must  be  a 
yielding  of  some  other  portion  of  the  walls  of  the  labyrinth, 
to  compensate  for  the  displaced  fluid.  I  think  it  is  safe  to 
say  that  the  most  likely  place  for  this  compensation  is  at  the 
round  window  and  that  although  the  other  walls  of  the 
labyrinth  are  yielding  to  a  certain  extent,  the  amount  of 
their  yield  may  be  considered  negligible  as  compared  to  that 
of  the  membrane  of  the  round  window.  Our  consideration 
then  narrows  down  to  a  calculation  of  how  the  contents  of 
the  labyrinth  vibrate  when  subjected  to  these  piston  or 
pump-like  actions  of  the  foot  of  the  stapes  and  the  round 
window,  when  vibrating  with  frequencies  corresponding  to 
sounds  in  the  audible  range  (20  to  20,000  d.  v.). 

In  the  light  of  the  evidence  of  anatomy,  the  basilar 
membrane  is  the  only  member  to  which  a  selective  action, 
as  far  as  pitch  is  concerned,  can  be  attributed.  During  the 
war,  in  connection  with  the  making  of  detectors  for  sub- 


686  FOWLEll. 

marines,  measurements  were  made  of  the  effect  of  water 
on  diaphragms  made  of  metal  and  rubber  and  other  ma- 
terials. It  was  found  that  they  behaved  very  much  as 
though  a  hemispherical  globule  of  water  of  about  half  the 
radius  of  a  diaphragm  was  attached  to  the  diaphragm.  It 
can  be  easily  seen  that  a  motion  of  the  diaphragm  necessi- 
tates an  equal  motion  of  the  water  in  its  immediate  vicinity. 
The  effect  of  the  water  is.  therefore,  a  mass  or  inertia 
effect.  If  it  be  agreed  that  the  basilar  membrane  is  under 
a  certain  amount  of  tension  it  will  readily  be  seen  that  the 
requisite  elements  for  selectivity,  namely,  elasticity  and 
inertia  or  mass,  reside  in  this  membrane  and  its  sur- 
roundings. 

The  basilar  mem1)rane  selects  pitches  in  a  way  which 
is  analogous  in  some  respects  to  the  mechanism  of  a  piano. 
This  membrane  is  narrower  near  the  proximal  end  and 
wider  at  the  apex.  Even  though  the  tension  were  equal 
all  its  length,  there  would  still  be  a  selectivity.  This 
would  be  due  to  the  fact  that  more  fluid  would  tend  to 
cling  to  the  membrane  while  vibrating  at  different  points. 

The  diagram  shows  the  positions  on  the  basilar  mem- 
brane at  which  stimulation  for  different  pitches  takes  place. 
It  will  be  seen  that  1000  d.  v.  strikes  at  about  the  center. 
The  approximate  widths  of  the  spots  stimulated  are  also 
shown.  These  discussions  are  as  a  result  of  calculation 
from  experimental  data  on  pitch  sensibility  and  masking. 

It  does  not  seem  necessary  to  me  that  exactly  the  same 
spot  on  the  membrane  must  be  stimulated  by  the  same 
frequency.  Our  ordinary  sense  of  absolute  pitch  is  very 
poor.  Most  people  cannot  tell  the  pitch  of  a  tone  closer 
than  one  or  two  octaves  unless  another  known  tone  is 
sounded  immediately  before  it  to  which  they  can  refer. 
This  simply  means  that  we  have  no  accurate  sense  of  lo- 
calizing the  place  of  a  stimulation  on  the  basilar  nieml)rane. 
Most  people,  especially  if  musically  inclined,  can  tell  the 
difference  in  pitch  between  two  tones  sounded  simultan- 
This  means  that  we  have  a  very  accurate  sense  of  relative 
localization  of  stimulation  on  the  basilar  membrane.     It  is 
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not  necessary,  therefore,  to  assume  that  the  basilar  mem- 
brane and  its  attached  structures  must  remain  absolutely 
constant  and  unaltered  at  all  times.  Such  variations  as  may. 
l)e  produced  by  the  dilatation  of  a  blood  vessel  attached  to 
the  membrane  may  have  the  effect  of  displacing  more  or  less 
the  position  at  which  different  pitches  are  sensed  without 
greatly  affecting  the  sense  of  relative  pitch.  It  is  possible 
that  difference  in  the  two  ears  in  this  respect  may  account 
for  diplacusis.  The  effect  of  ossification  of  the  basilar 
membrane  in  some  regions,  provided  this  is  not  accompanied 
by  degeneration  of  the  nerve  terminals,  would  simply  have 
the  effect  of  changing  the  pitch  to  which  every  particular 
region  was  sensitive ;  it  would  change  the  philosophy  of 
cochlear  dynamics  quantitatively  but  not  in  any  respect 
qualitatively. 

It  seems  to  me.  in  the  light  of  all  of  the  important 
experimental  evidence  at  hand,  that  the  theory  of  function- 
ing of  the  cochlea  as  described  by  Dr.  Fowler  is  satisfactory. 

Professor  G.  H.  Parker,  Harvard  University,  (by  invi- 
tation) :  I  have  not  a  great  deal  to  say  about  this  question. 
I  come  to  the  discussion  from  the  standpoint  of  comparative 
anatomy,  being  a  zoologist  and  not  an  otologist.  Dr. 
Shambaugh  has  put  very  clearly  before  us  the  problem 
concerning  the  hair  cells.  There  are  two  propositions  to 
be  considered :  first,  the  leading  of  the  sound  to  the  place 
where  stimulation  occurs,  and.  second,  the  relations  of  the 
nerves  with  that  place.  Nerves  have  been  traced  to  the 
hair  cells,  and  the  hair  cells  act  physiologically  to  arouse 
the  impulse  that  goes  to  the  brain.  One  point  that  we 
must  remember  is  that  we  hear  in  water,  we  do  not  hear 
in  air.  The  hair  cells  in  our  ears  are  immersed  in  water 
and  the  vibrations  transmitted  to  them  are  in  water.  Fishes, 
and  all  other  vertebrates  really  hear  in  water.  The  ques- 
tion is  how  water  can  affect  the  hair  cells  so  as  to  produce 
an  impulse.  Fishes  have  no  external  ear  or  middle  ear  but 
they  have  an  internal  ear  with  a  saccule  and  a  utricle.  The 
saccule  has  to  do  with  hearing.  It  has  hair  cells  in  it  and 
has  at  least  one  large   otolith  attached  to  its  hair   cells. 
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similar  to  the  tectorial  membrane.  What  happens  when 
a  fish  hears?  The  ear  stones  are  heavier  than  water  and 
the  body  of  the  fish  swings  with  the  water.  The  hair  cells 
swing  with  the  body  of  the  fish  against  the  heavy  stone 
hanging  in  the  fish's  head.  This  stone  is  the  lucky  stone 
that  fishermen  find.  The  fish  has  hearing  but  it  probably 
hears  sound  without  reference  to  tone,  just  as  a  color- 
blind person  sees  light  but  does  not  distinguish  color.  The 
tone  organ  is  the  cochlea  of  the  higher  vertebrates.  When 
we  come  to  the  cochlea  we  must  ascertain  what  there  is 
that  has  been  inherited  from  the  fish  and  that  stimulates 
the  hair  cells.  To  me  it  seems  most  probable  that  the  part 
of  the  cochlea  that  stimulates  the  hair  cells  is  the  tec- 
torial membrane.  It  is  constructed  for  the  kind  of  analysis 
that  the  ear  requires.  It  grows  from  the  hair  cells  but 
never  liecomes  entirely  loose.  It  is  just  such  a  device  as 
would  move  the  hair  cells  back  and  forth.  I  can  conceive 
that  in  parts  of  the  range  the  basilar  membrane  may  move 
and  thus  this  membrane  and  the  tectorial  membrane  may 
both  be  concerned,  but  if  I  had  to  declare  for  the  principal 
part  concerned  I  would  declare  for  the  tectorial  membrane. 
It  is  a  relative  matter,  rather  like  Einstein's  theory.  It  is 
a  question  of  movement  related  to  both  parts.  It  is  inter- 
esting to  see  how  this  mechanism  works  in  line  with  that 
of  closely  related  sense  organs.  The  hairs  are  projections 
from  protoplasm.  What  is  there  in  their  movement  to 
stimulate  protoplasm.  Protoplasm  is  a  fluid  foam,  a  system 
of  sacs.  The  hairs  move  and  rupture  these  sacs.  The 
sacs  are  filled  with  fluids  with  different  chemical  properties 
and  stimulation  results  from  the  pouring  together  of  these 
fluids.  The  movement  of  the  hairs  produce  deforming  pres- 
sures which  are  the  same  as  the  stimuli  for  touch,  but 
the  ear  is  delicate  beyond  description.  It  is  much  more 
sensitive  than  an  organ  of  touch.  These  are  some  of  the 
contributions  to  this  problem  from  the  biological  side.  They 
suggest  that  the  tectorial  membrane  is  the  chief  analyzing 
organ  of  the  ear. 
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Prof.  Dayton  C.  Miller :  My  point  of  view  is  that  of 
the  outsider.  I  think  both  sides  are  right  in  this  argument, 
I  believe  stimulation  must  result  at  a  certain  point,  but 
where  does  selection  of  pitch  take  place.  I  believe  it  is 
relative  motion  which  causes  stimulation,  but  the  selec- 
tivitv  must  reside  in  the  basilar  membrane. 


A  STUDY  WITH  THE  WEBSTER  PHONOMETER  OF 
THE  SOUNDS  EMITTED  BY  DIFFERENT  PARTS  OF 
THE  TUNING  FORK  PRONGS.  * 

By  ROBERT  SONNENSCHEIN,   M.   D.,   Chicago,   111. 

The  writer  has  long  been  interested  in  the  functional 
testing  of  hearing,  and  for  this  purpose  has  employed  the 
means  and  methods  in  common  use.  These  include  the 
Politzer  acoumeter,  the  ordinary  watch  (the  latter  only 
on  rare  occasions,  being  regarded  as  unreliable,  there  l^eing 
practically  no  two  alike  in  pitch  or  intensity),  the  unac- 
centuated  whisper  and  conversation  voice,  and  the  various 
tuning  forks  from  the  lowest  to  the  highest  pitches ;  the 
Edelmann  Galton  whistle,  and  the  Struychen-Schaefer 
monochord.  Latterly,  several  types  of  audiometers,  prefer- 
ably the  one  used  by  Drs.  Dean  and  Bunch  of  Iowa  City  and 
those  perfected  by  the  Western  Electric  Company  have 
been  introduced,  but  we  have  not  had  sufificient  experience 
with  them  to  be  able  to  express  an  opinion  regarding  them. 
Of  these  various  measures,  we  have  used  mostly  the  un- 
accentuated  whisper  and  conversation  voice,  but  we  know 
that  it  is  difficult  to  have  a  criterion  or  standard  since  each 
one's  voice  is  of  a  somewhat  dififerent  pitch  and  quality, 
and  it  is  difficult  in  testing  to  employ  the  voice  in  the  same 
manner  each  time.  Secondly,  we  have  made  use  of  the 
tuning  forks  from  the  C2  (16  double  vibrations)  up  to  c^ 
(4096  double  vibrations),  not  only  for  determining  the  range 
of  hearing  within  these  points,  l:)ut  for  testing  the  hearing  of 
tones  within  this  range.  We  usually  employ  the  A  un- 
weighted (108  double  vibrations)  fork  of  Bezold  for  the 
Weber  and  the  Schwabach  tests  when  the  latter  is  per- 
formed by  placing  the  fork  on  the  vertex ;  and  using  the 
un-weighted  a^  Bezold  fork  (435  double  vibrations)  for 
the  Rinne  test.     For  the  highest  tones,  the  Edelmann-Gal- 
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ton  whistle  and  monochord  are  used.  Since  we  are  able 
with  good  tuning  forks  to  get  pure  tones,  either  by  placing 
of  weights  upon  the  lower  pitched  forks  and  thereby  clim- 
ating the  overtones,  or  by  having  very  well  balanced  un- 
weighted forks  in  which  the  overtones  last  only  for  the 
first  few  seconds  after  the  fork  has  been  struck,  we  have 
relied  mainly  upon  tuning  forks  for  the  usual  tests. 

It  will  perhaps  be  best  to  mention  briefly  some  of  the 
terms  used  in  describing  the  action  of  tuning  forks  and 
their  physical  characteristics.  The  stem  of  a  tuning  fork 
is  capable  of  exciting  as  great  force  as  are  the  prongs. 
Energy  is  the  capability  of  doing  work.  Intensity  as  used 
in  connection  with  sound  is  the  energy  flow  per  second 
through  a  unit  of  area  perpendicular  to  the  direction  of 
the  sound  waves.  (Thus  it  is  only  a  sound  wave  which 
may  be  spoken  of  as  possessing  an  intensity).  When  the 
tuning  fork  is  struck,  the  air  waves  emanate  only  from 
the  broad  or  outer  surface  of  the  prongs,  but  after  the  waves 
have  proceeded  a  short  distance  they  spread  out  in  all  di- 
rections and  therefore  will  appear  to  arise  from  the  various 
portions  or  surfaces  of  the  prongs.  At  the  ends  and  at  the 
narrow  surfaces  of  the  prongs  we  have  a  slippage  or  sliding 
of  the  prongs  through  the  air  but  no  actual  pressure  or 
propulsion  of  sound  waves.  When  struck,  the  prongs  vi- 
brate transversely  with  excursions  of  little  force  but  great 
amplitude.  The  vibrations  of  the  stem  of  the  fork  are 
simultaneous  with  and  last  just  as  long  as  those  of  the 
prongs,  are  longitudinal  in  character,  of  small  amplitude, 
but  of  great  force.  The  prongs  move  in  opposite  directions 
so  that  when  a  condensation  and  a  rarefaction  are  propa- 
gated outward  these  very  nearly  but  not  entirely  overlap 
resulting  in  the  interference  of  the  sound  at  certain  points. 
Thus  the  intensity  of  the  sound  changes  greatly  with  slight 
rotation  of  the  fork  about  the  vertical  axis  giving  the  four 
points  of  interference  noted  by  psychologists  and  others. 
It  also  changes  in  a  modified  manner  at  different  distances 
from  the  stem.  In  addition  to  these  factors,  there  is  an- 
other one  of  great  importance,  namely :     the  slippage  of 
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air  molecules  around  the  prongs  of  the  fork  which  varies 
with  the  amplitude  and  with  the  velocity  of  motion  of  the 
fork  prongs  and  causes  a  further  modification  of  the  sound 
intensity  about  the  fork.  Moreover,  all  of  these  factors 
vary  with  the  pitch  so  that  it  is  evident  that  air  tests  made 
in  the  usual  manner  are  subject  to  much  variation  in  pre- 
cision. There  can  be  no  such  variation  as  this  in  the  in- 
tensity of  the  sound  given  off  by  the  end  of  the  stem  of 
the  fork  and  for  this  reason  tests  of  air  conduction  made 
with  the  stem  in  the  manner  we  have  reported  in  another 
paper  ("The  Use  of  the  Fork  Stem  for  Both  Air  and  Bone 
Conduction,"  Sonnenschein  and  Minton)  are  not  subject  to 
these  objections.  It  should  also  be  remembered  that  there 
is  a  "center  of  percussion,"  at  the  junction  of  the  middle 
and  distal  thirds  of  the  fork  prongs  which  point  when  struck 
causes  the  fork  to  give  the  most  intensity  of  sound  and 
the  least  overtones.  Thus  it  is  best  to  excite  the  fork  by 
striking  the  prongs  at  this  point. 

The  frequency  of  the  fork  is  proportional  to  the  square 
root  of  the  elasticity  divided  by  the  mass.  The  greater 
the  elasticity  (stifTness)  the  higher  the  frequency.  There- 
fore, the  frequency  varies  directly  as  the  square  root  of 
the  elasticity.  The  greater  the  mass  (weight),  other  things 
l)eing  ecjual,  the  lower  the  frequency.  Therefore,  the  fre- 
quency varies  inversely  as  the  square  root  of  the  mass 
(weight).  While  we  usually  consider  all  intensity  of  sound 
as  being  inversely  proportional  to  the  square  of  the  dis- 
tance from  a  point,  source  of  sound,  in  an  open  unconfined 
space,  this  does  not  hold  so  accurately  in  a  closed  room  in 
which  most  tests  are  usually  conducted.  This  is  because  of 
the  reflection  of  sound  from  the  walls,  ceilings  and  floors 
together  with  that  from  furniture  and  other  objects  as  well 
as  the  various  standing  wave  systems  which  may  be  present 
in  the  air  of  the  room. 

There  do  not  seem  to  be  many  references  in  the  litera- 
ture regarding  the  proper  manner  of  holding  forks  and  the 
application  of  certain  parts  or  surfaces  of  the  prongs  to 
the  external  auditory  meatus.     We  have  always  felt  that 
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there  should  be  uniformity  in  the  presentation  of  the  fork 
to  the  patient's  ear.  It  was  taught  in  the  Vienna  Clinic, 
and  we  have  always  practiced  the  method  of  holding  the 
outer  surface  of  one  of  the  prongs  parallel  to  and  as  close 
to  the  ear  as  possible  without  touching  either  the  auricle 
or  vibrissae.  It  seemed  to  us  that  the  greatest  intensity  of 
sound  is  from  the  flat  or  outer  surface  of  the  prongs.  Dr. 
B.  Alexander  Randall  ,in  1920  called  attention  to  the  fact  that 
probably  the  greatest  sound  intensity  is  observed  when 
the  ends  of  the  prongs  are  held  near  the  ear.  We  desired 
to  determine  for  ourselves  just  which  portion  of  the  prongs 
of  the  fork  (either  the  broad  or  outer  surface,  the  narrow- 
surfaces  held  lengthwise,  the  very  ends  of  the  prongs  or 
the  angle  between  the  flat  and  narrow  surfaces  of  the 
prongs)  emits  the  greatest  intensity  of  sound.  It  has  of 
course  been  known  for  a  long  time  that  at  the  angle  be- 
tween the  narrow  and  the  broad  surface  there  is  much  less 
intensity  of  sound  due  to  the  fact  that  we  have  an  area  of 
interference  caused  by  the  overlapping  condensation  and 
rarefaction  phases  of  the  sound  waves  from  the  two  sur- 
faces. We  found  no  literature  bearing  directly  upon  this 
subject  of  the  testing  of  the  intensity  of  sound  of  the 
various  portions  of  the  fork,  and  we  therefore  set  about  to 
do  it  in  a  number  of  ways. 

In  order  to  measure  the  intensity  of  sound,  the  phono- 
meter devised  by  the  late  Prof.  A.  G.  Webster  of  Clark 
University  was  used.  This  consists  of  several  parts,  one  of 
the  principal  ones  being  a  small  mirror  attached  to  a  metal 
disc  suspended  by  several  wires  in  the  open  end  of  a  re- 
sonator. The  closed  end  of  the  resonator  is  of  glass  and  at 
the  opposite  end  of  the  apparatus  is  an  eye  piece  having 
a  scale,  the  division  points  numbered  in  series  of  tens.  By 
means  of  a  small  electric  light,  reflections  are  thrown  from 
the  mirror  back  upon  the  eye  piece  so  that  a  beam  of  light 
may  be  seen  on  the  scale.  This  apparatus  may  be  tuned 
through  a  range  of  from  200  to  400  double  vibrations,  and 
when  adjusted  to  any  one  particular  pitch  will  respond  only 
to  that  pitch.     Depending  upon  the  intensity  of  the  sound. 
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variations  will  be  shown  in  the  width  of  the  beam  of  light 
reflected  upon  the  scale  in  the  eye  piece.  Webster  claimed 
that  the  most  recently  improved  model  of  the  phonometer 
which  is  the  type  we  used,  has  the  same  sensitivity  as  the 
ear.  Incredibly  small  changes  in  the  reflecting  surfaces  of 
the  room,  or  the  movement  of  persons  or  objects  show 
changes  in  the  light  band.  The  extreme  sensitivity  of  the 
a])])aratus  is  in  some  ways  a  disadvantage  since  one  must  be 
so  extremely  careful  in  presenting  any  sources  of  sound  to 
the  resonator  end  of  the  instrument,  and  in  avoiding  ex- 
traneous sounds  which  might  have  the  same  pitch  as  that 
to  which  the  apparatus  is  attuned,  otherwise  great  variation 
in  the  reading  of  the  beam  of  light  will  be  caused.  The  fact 
that  the  phonometer  can  be  adjusted  only  to  a  range  of 
from  200  to  400  double  vibrations  limits  one  in  the  pitch 
of  forks  to  be  tested.  We  chose  the  c^  (256  double  vi- 
brations) fork  made  by  the  Standard  Scientific  Co.  of  New 
York  and  after  careful  adjustment  of  the  phonometer  to 
this  pitch,  used  this  fork  in  all  the  tests  which  we  will  de- 
scribe, except  those  carried  out  with  a  very  accurate  elec- 
trically driven  fork  of  the  same  pitch  made  by  Wm.  Gaert- 
ner  Co. 

While  it  was  thought  desirable  to  have  the  fork  as  close 
to  the  phonometer  as  it  would  ordinarily  be  held  to  the 
ear,  namely :  a  distance  of  about  2.5  to  5  cm.,  it  was  found 
that  this  was  practically  impossible  with  the  electrically 
driven  fork,  owing  to  the  width  of  the  frame  in  which  the 
fork  rested.  Four  variations  of  the  tests  were  used.  These 
were  :  First :  with  the  electrically  driven  fork  at  a  distance 
of  10  cm.  from  the  phonometer.  Second :  The  fork  actuated 
by  means  of  a  pendulum  (25  cm.  long)  with  a  hard  rubber 
weight  at  the  end  of  it,  the  weight  always  dropping  through 
an  arc  of  90  degrees  thus  giving  the  same  impact  each  time. 
The  readings  were  always  made  at  the  same  time,  namely : 
3  seconds  after  the  fork  was  struck  in  order  to  get  them 
at  the  same  point  in  the  decrement  of  the  fork.  Third : 
The  fork  was  excited  by  means  of  the  pendulum  and  then 
first  one  surface  or  portion  and  then  another  presented  to 
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the  ears  of  various  persons  at  a  distance  of  about  5  cm., 
and  the  relative  intensities  in  the  various  positions  observed 
by  each  individual  noted.  Fourth :  The  fork  was  actuated 
by  means  of  the  pendulum  and  held  before  the  open  mouth 
of  the  properly  attuned  Schaefer  resonator  at  distances  of 
6.  2  and  1  metres  from  the  phonometer.  It  was  at  first 
thought  necessary  to  use  the  resonator  at  a  considerable 
distance  from  the  phonometer  in  order  to  avoid  too  great 
an  excursion  of  the  band  of  light  upon  the  scale,  but  we 
found  this  was  not  the  case. 

In  practical  work  with  forks,  the  latter  are  held  close 
to  the  patient's  ear  (about  2  to  5  cm.).  With  the  elec- 
trically driven  fork,  it  was  impossible  to  approach  the 
phonometer  as  closely  as  this,  but  our  idea  was  to  see 
whether  at  different  distances  and  with  various  methods 
of  excitation,  the  different  parts  of  the  tuning  fork  prongs 
would  give  a  varying  degree  of  intensity  of  sound.  Fur- 
thermore, as  above  stated,  the  range  to  which  the  Webster 
phonometer  responds  being  very  limited,  namely :  200  to 
400  double  vibrations,  we  were  unable  to  use  forks  of  higher 
pitch,  and  it  is  therefore  impossible  for  us  to  state  whether 
the  findings  which  we  had  apply  only  to  forks  of  a  pitch  of 
256  double  vibrations  or  whether  there  might  be  a  difference 
with  the  various  form  and  shapes  of  the  higher  pitched 
forks. 

/.  Electrically  driven  fork.  When  using  the  electrically 
driven  fork,  it  is  noted  that  the  forced  vibrations  of  the 
table  caused  very  marked  excursion  of  the  band  of  light. 
Placing  the  fork  and  its  frame  on  a  felt  pad  2.5  cm.  thick 
gave  sounds  of  much  less  intensity  than  when  the  apparatus 
was  placed  directly  upon  the  table.  Still  less  loud  were  the 
sounds  when  the  fork  was  placed  upon  a  rubber  air  cushion. 
Another  difficulty  experienced  with  the  electrically  driven 
fork  was  the  fact  that  the  spark  contact  was  not  always 
the  same  size ;  therefore  the  intensity  of  the  fork  sounds 
fluctuated  considerably.  The  fork  we  used  was  actuated 
by  one.  and  for  a  time,  two  large  dry  cells,  each  of  about 
one  and  a  half  volts.     Owing  to  the  difficulty  of  properly 
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tilting  the  frame  it  was  not  possible  to  present  the  edge 
of  the  tuning  fork  prongs  as  accurately  to  the  phonometer 
as  when  the  fork  was  held  in  the  hand.  It  was  furthermore 
observed  that  the  tightness  with  which  the  screw  held  the 
stem  of  the  tuning  fork  in  the  apparatus  made  a  difference  in 
the  intensity  of  the  tone.  Likewise,  the  loudness  of  the 
tone  varied  with  the  contact  of  all  or  part  of  the  frame  of 
the  apparatus  with  the  table,  felt  pad  or  air  cushion.  In 
other  words,  when  the  frame  was  tilted  in  order  to  present 
the  edge  of  the  fork  to  the  phonometer  with  part  of  the 
frame  not  resting  upon  the  table,  the  sound  was  less  in- 
tense than  when  the  whole  frame  was  resting  thereon.  It 
was  seen  that  if  the  fork  was  held  above  or  below  the  plane 
of  the  disc  carrying  the  mirror  of  the  phonometer,  the 
light  band  did  not  show  as  much  deflection  as  when  the 
fork  was  on  a  level  with  the  disc.  It  was  also  noted  that 
the  difference  in  pressure  with  which  the  tuning  fork  frame 
was  resting  against  the  table,  felt  pad  or  air  cushion  made 
a  considerable  difference  in  the  excursion  of  the  light  band 
on  the  scale.  A  priori  we  would  assume  that  with  an  elec- 
trically driven  fork  the  intensity  of  sound  would  be  quite 
uniform  compared  with  the  sound  of  forks  actuated  by 
means  of  pendulum,  pleximeter,  etc.  We  feel,  however, 
that  there  are  so  many  factors  influencing  the  apparatus, 
not  the  least  one  being  the  great  variation  of  the  sparks, 
that  our  results  with  the  fork  excited  by  pendulum  and 
weight  seemed  more  reliable  and  consistent.  A  valve  con- 
trolled fork  probably  would  give  better  findings. 

With  the  electrically  driven  fork  resting  on  the  table  at 
a  distance  of  10  cm.  from  the  phonometer  the  following 
averages  were  obtained.  The  numerals  given  indicate  the 
number  of  degrees  on  the  scale  of  the  eye  piece  of  the 
phonometer.  With  the  broad  or  outer  surface  of  the  prongs, 
an  average  of  17.3  degrees.  The  narrow  surfaces  held  para- 
llel before  the  phonometer,  an  average  of  12.7  degrees. 
With  the  two  ends  of  the  forks  presented  before  the  phono- 
meter, 11.1  degrees.  The  edge  between  the  broad  and  narrow 
surface  of  the  prongs  7.1   degrees.     With  the  electrically 
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driven  fork  with  the  frame  resting  upon  the  felt  pad,  (2.5  cm. 
thick)  at  a  distance  of  10  cm.,  the  following  results  were 
obtained:  For  the  broad  surface  of  the  prongs,  14.5  degrees ; 
for  the  narrow  8.4  degrees ;  for  the  end  9.9  degrees  and  for 
the  edge  4.5  degrees.  With  the  electrically  driven  fork 
resting  upon  a  rubber  air  cushion,  at  a  distance  of  10  cm. 
from  the  phonometer  the  following  readings  were  obtained : 
For  the  broad  or  outer  surface  of  one  of  the  prongs  13.3 
points  :  the  narrow  surface  of  the  prongs  6.0  points ;  for 
the  ends  of  the  two  prongs  6.7  points  and  for  the  edge  of 
one  prong  3.3  points.  It  should  here  be  noted  that  with 
the  fork  on  the  felt  pad  or  air  cushion,  apparently  the  sound 
obtained  from  the  end  of  the  fork  was  more  intense  than 
from  the  narrow  surfaces  which  is  contrary  to  the  result 
found  when  the  fork's  frame  was  resting  on  the  table.  I 
cannot  explain  this  difference.  (N.  B.  Thi-oughout  this 
paper  the  word  "broad"  surface  refers  to  the  outer  surface 
of  the  fork  prong.) 

II.  Pcndidmn  and  zveight.  Exciting  the  fork  by  allowing 
the  weight  attached  to  a  string  25  cm.  long  to  fall  through 
an  arc  of  90  degrees  striking  the  ''percussion  point"  on  the 
broad  surface  of  one  of  the  prongs  of  the  tuning  fork,  that 
is  to  say  at  about  the  junction  of  the  upper  with  the  middle 
third  of  the  prongs  and  then  holding  the  fork  5  cm.  from 
the  phonometer  and  taking  the  reading  3  seconds  after  the 
impact  of  the  weight  against  the  fork  in  order  to  have  the 
same  point  in  the  decrement  of  the  fork  each  time  the 
following  averages  of  deflection  width  of  light  band  were 
obtained :  The  edge  of  the  fork  15.1  points ;  the  end  of  the 
prongs  24.5 ;  the  narrow  surfaces  37.7 ;  the  broad  surface  of 
one  of  the  prongs  42.6  points.  The  same  test  was  carried 
out  in  another  series,  but  the  fork  after  being  excited  was 
held  only  2.5  cm.  from  the  phonometer  and  the  following 
averages  were  obtained :  The  edge  of  the  fork  9.2  points ; 
the  ends  19.6  points  ;  the  narrow  surfaces  31.4  points  and  the 
broad  surface  of  one  of  the  prongs  37.3  points.  These  aver- 
ages are  lower  than  those  when  the  fork  was  held  5  cm.  from 
the  phonometer,  but  it  is  possible  that  in  the  previous  series, 
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the  fork  each  time  was  struck  a  little  more  accurately  than 
in  the  second  series ;  or  it  may  be  that  the  shorter  distance 
from  the  phonometer  does  not  give  so  good  a  phase  re- 
lationship to  the  resonator  as  it  did  a^  the  5  cm.  In  any 
case,  the  ratio  between  the  intensity  from  the  various 
parts  of  the  prongs  is  almost  the  same  as  in  the  other  series. 
In  these  two  series  the  fork  was  held  as  close  to  the  phono- 
meter as  is  usually  done  when  testing  ears  with  forks. 

In  the  previous  tests  mentioned  with  the  pendulum  and 
weight  the  fork  was  always  struck,  then  the  reading  made, 
and  the  vibration  of  the  fork  stopped  before  the  pendulum 
and  weight  were  again  used  to  activate  the  fork.  In  order 
to  see  if  we  could  get  still  further  proof  of  the  preponder- 
ance of  the  sound  intensity  from  the  broad  surface  of  one 
of  the  prongs,  and  the  relation  between  the  sounds  given 
by  the  narrow  surface,  the  edge  and  ends,  another  series 
were  carried  out  in  which,  after  one  impact  with  the  weight 
against  the  broad  surface  of  the  prong  of  the  fork,  read- 
ings were  made  in  two  w^ays.  First,  presenting  the  edge 
to  the  phonometer  and  then  rotating  the  fork  so  that  the 
end  of  the  prongs,  then  the  narrow  surface  and  then  the 
broad  surface  of  one  of  the  prongs  were  held  before  the 
phonometer  in  the  order  mentioned.  Of  course  the  fork's 
amplitude  was  decreasing  from  the  time  the  fork  was  ex- 
cited until  the  last  reading  was  made  and  naturally,  the 
greatest  intensity  of  sound  was  present  directly  after  the 
fork  was  struck.  By  the  time  the  broad  surface  of  the 
prongs  was  held  before  the  phonometer,  the  fork's  amplitude 
had  diminished  greatly.  Even  so,  we  got  the  following 
averages :  For  the  edge  21  points,  then  the  ends  of  the 
prongs  23,  then  the  narrow  surface  34,  lastly  the  broad 
surface,  34.6,  Although  the  broad  surface  was  applied  when 
the  fork  had  already  been  vibrating  for  at  least  10  to  15 
seconds,  the  intensity  of  sound  was  still  the  greatest  of  all 
the  four  parts  tested.  Another  series  was  conducted  by 
simply  striking  the  fork  once  and  then  presenting  the  four 
parts  successively  to  the  phonometer  in  the  following  ro- 
tation :    First  the  edge,  then  the  ends,  then  the  broad  sur- 
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face  and  then  the  narrow  surface.  This  series  gave  the 
following  averages:  On  the  edge  12.3;  the  end  19.4;  the 
broad  surface  33.8 ;  the  narrow  surface  22.9.  The  broad 
surface  showed  the  greatest  intensity  of  all ;  the  narrow 
surface  being  presented  to  the  phonometer  last  was  con- 
siderably less  than  the  broad  surface  which  we  would  have 
expected  even  if  the  narrow  surface  had  been  presented 
before   the   broad   surface. 

III.  Testing  cars.  After  exciting  the  fork  by  means  of 
the  pendulum  and  weight  or  by  allowing  a  small  pleximeter 
to  fall  from  a  perpendicular  position  to  a  horizontal  one, 
striking  the  "percussion  point"  on  the  flat  surface  of  one 
of  the  prongs,  individuals  were  tested  by  holding  the  diff- 
erent parts  of  the  prongs  as  accurately  as  possible  2.5  cm. 
from  the  ear.  with  the  individual's  eyes  closed  so  that  he 
was  unable  to  know  which  surface  or  part  was  being  pre- 
sented. In  one  series  of  ten  tests  it  was  found  on  first 
applying  the  broad  and  then  the  narrow  surface  to  the  ear 
or  vice  versa,  and  having  each  individual  state  whether  the 
first  or  second  tone  was  the  louder,  that  six  times  the 
broad  surface  was  the  louder,  twice  the  narrow  surfaces 
seemed  to  be  the  louder  and  twice  the  person  was  unable 
to  distinguish  accurately  between  the  two.  As  between 
the  narrow  surfaces  and  the  ends,  seven  out  of  the  ten  in- 
stances the  narrow  surfaces  seemed  to  be  the  louder,  one 
time  the  patient  could  not  distinguish  between  the  two, 
and  twice  the  end  seemed  louder  than  the  narrow  surfaces. 
Between  the  end  and  the  edge  there  was  absolute  unar^imity 
ten  times  out  of  ten  tests  in  that  the  end  was  heard  much 
louder  than  the  edge  of  the  fork.  In  another  series,  as 
between  the  broad  and  the  narrow  five  times  the  broad 
seemed  to  be  the  louder  and  five  times  the  narrow  surface. 
As  between  the  narrow  and  the  end,  the  narrow  was  the 
louder  in  eight  instances,  the  end  two  times.  The  com- 
parison of  the  end  with  the  edge  again  gave  unanimity  in 
that  the  end  was  each  time  heard  louder  than  the  edge. 
In  a  third  series,  the  broad  surface  seemed  the  louder  seven 
times  out  of  the  ten  tests  as  compared  with   the   narrow 
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surface.  The  narrow  as  compared  with  the  end  was  heard 
louder  in  eight  out  of  ten  tests.  The  end  as  compared  with 
the  edge  was  heard  louder  in  ten  out  of  ten  tests,  so  that 
apparently  even  with  the  ear  the  broad  surface  was  heard 
louder  than  the  narrow  although  the  difference  here  is  not 
as  great  as  it  is  between  the  narrow  and  the  end.  Still 
greatest  of  all  is  the  difference  between  the  end  and  the 
edge  which  is  always  in  favor  of  the  end.  One  must  re- 
member that  it  is  difficult  each  time  to  hold  the  fork  at  the 
same  distance  from  the  ear  and  since  we  know  that  in 
general  the  intensity  of  sound  varies  inversely  as  the  square 
of  the  distance  from  the  source,  (modified  by  the  condition 
of  the  room  as  noted  in  the  beginning"  of  the  paper)  the 
smallest  differences  in  the  distance  at  which  the  fork  is  held 
at  one  time  as  compared  with  another  may  make  a  very 
considerable  difference  in  the  appreciation  of  the  sound. 
However,  we  made  the  greatest  effort  to  hold  the  fork  at 
a  uniform  distance  from  the  ear,  and  by  repeating  the  tests 
a  number  of  times,  checked  up  on  the  result. 

IV.  Tests  with  the  resonator.  For  each  surface  or  part 
of  the  prongs  tested,  the  fork  was  excited  by  means  of 
the  pendulum  and  weight,  letting  the  latter  strike  the  per- 
cussion point  of  the  broad  or  outer  surface  of  one  of  the 
prongs,  the  fork  then  held  at  the  open  end  of  a  properly 
attuned  Schaefer  resonator.  Tests  were  made  at  three 
different  distances  from  the  phonometer,  namely :  6  metres, 
2  metres  and  1  metre.  With  the  resonator  six  metres  from 
the  phonometer,  we  had  one  series  of  ten  tests  with  the 
following  averages :  edge  6.0  points ;  the  end  5.8  points ; 
the  narrow  11.3  points  and  for  the  broad  12.9  points.  In 
another  series  of  ten  tests  at  the  same  distance,  there  was 
for  the  edge  an  average  of  4.8  points  ;  for  the  end  3.7  points  : 
for  the  narrow  surfaces  5.7;  and  for  the  broad  surface  6.0 
points.  We  note  here  the  differences  between  the  broad 
and  narrow  are  insignificant,  and  that  the  difference  be- 
tween the  edge  and  end  also  are  very  slight.  It  is  remark- 
able to  note  that  the  edge  of  the  fork  seems  to  give 
a  louder    sound  than  the  end  of  the    prongs.      With  the 
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/"esonator  two  metres  from  the  phonometer  the  following 
averages  were  obtained:  for  the  edge  of  the  prongs  15.6; 
for  the  ends  10;  for  the  narrow  surfaces  16;  and  for  the- 
broad  surface  20.  Here  we  see  again  that  the  edge  of  the 
prongs  seems  to  give  a  greater  intensity  than  the  ends  of 
the  prongs  and  almost  as  much  sound  as  the  narrow  surface 
of  the  prongs.  With  the  resonator  one  metre  away  from 
the  phonometer,  the  following,  averages  were  obtained: 
for  the  edge  4.1;  for  the  ends  4.0;  for  the  narrow  surfaces 
5.0,  and  for  the  broad  surface  5.1  points.  Here  we  see 
practically  no  difference  between  the  broad  and  the  narrow 
and  practically  no  difference  between  the  end  and  the  edge 
of  the  prongs ;  in  fact,  between  all  four  planes  there  are 
no  great  differences. 

We  wish  to  call  attention  to  the  fact  that  while  in  all 
the  other  tests,  the  general  tendency  is  for  the  ends  of  the 
prongs  to  give  forth  a  louder  sound  than  the  edge  of  the 
prongs,  we  have  found  with  the  resonator  that  the  reverse 
is  true.  It  is  hard  to  explain  this  except  to  say  that  when 
trying  the  effects  of  the  ends  of  the  fork  before  the  reso- 
nator the  presence  of  the  hand  holding  the  fork  may  have 
acted  as  a  shield  between  the  source  of  the  sound,  i.  e. :  the 
open  end  of  the  resonator  and  the  receiver  of  the  sound, 
namely :  the  phonometer.  It  was  also  noted  in  the  tests 
with  the  resonator  that  while  the  broad  surface  of  the 
prongs  of  the  fork  gave  the  sound  of  greatest  intensity, 
the  difference  between  the  reading  obtained  from  the  broad 
surface  of  the  prongs  and  the  narrow  surfaces,  compared 
with  the  edge  and  the  end  of  the  prongs  in  all  other  tests 
does  not  show  the  marked  preponderance  that  we  would  be 
led  to  expect  from  the  three  series  of  previous  tests,  namely  : 
that  with  the  electrically  driven  fork:  with  the  pendulum 
activated  fork  held  before  the  phonometer  and  the  fork 
held  before  the  ear.  Since,  however,  the  fork  and  resonator 
were  held  at  a  much  greater  distance  from  the  phonometer 
than  was  the  fork  in  the  other  tests  from  the  phonometer 
or  the  ear,  it  is  possible  that  the  reflection  of  sounds  from 
the  walls  of  the  room  entered  into  the  effect  to  a  consid- 
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erable  degree,  and  thus  changed  the  result.  Then  again, 
the  resonator  simply  amplifies  all  the  sound  and  therefore 
the  differences  do  not  seem  so  great  as  when  the  forks  are 
used  without  the  resonator.  This  may  be  shown  in  a  very 
homely  example.  When  two  persons  are,  let  us  say,  four 
and  eight  years  old  respectively,  the  difference  of  four  years 
is  a  difference  of  one  hundred  per  cent.  When  these  two 
individuals,  however,  have  reached  the  ages  of  forty  and 
forty  four  years,  the  difference  of  four  years  in  their  ages 
represents  a  difference  of  only  ten  per  cent.  In  other  words, 
even  though  the  actual  difference  remains  the  same,  the 
ratio  varies  greatly.  Perhaps  this  is  also  true  in  the  re- 
lation between  the  sound  of  the  fork  held  a  few  centimeters 
from  the  phonometer  and  that  when  held  one,  two  or  six 
metres  away,  before  the  resonator  which  magnifies  all 
sounds  which  are  brought  near  it.  With  the  fork  so  near 
the  resonator  we  perhaps  have  more  or  less  a  joint  source 
of   sound. 

There  is  also  the  possibility  that  air  currents  about 
the  ends  of  the  prongs  influence  the  sound  when  the  fork 
is  held  close  to  the  mouth  of  the  resonator. 

I  would  like  at  this  time  to  express  my  thanks  to  the 
various  gentlemen  working  in  the  laboratory  at  Riverbank. 
Illinois,  and  especially  to  Dr.  F.  W.  Kranz  for  his  kind 
suggestions,  and  to  Dr.  Myron  E.  Kahn  for  his  assistance 
in  carrying  out  the  tests. 

Conclusions 

1.  It  is  very  desirable,  not  only  to  have  uniformity  in 
carrying  out  functional  testing  of  hearing  but  it  is  also 
desirable  to  use  a  fork  in  the  most  advantageous  manner. 

2.  The  electrically  driven  fork,  no  matter  how  care- 
fully manipulated,  gives  considerable  irregularity  in  the  re- 
sult owing  to  the  fact  that  the  spark  varies,  etc.,  etc.  A 
valve  controlled  apparatus  would  probably  give  uniformity 
of  findings. 
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3.  With  the  two  types  of  forks  used  in  this  series  of 
tests,  it  is  found  that  the  broad  or  outer  surface  of  one  of- 
the  prongs  shows  uniformly  the  greatest  intensity  of 
sound.  This  could  a  priori  be  expected  from  the  fact  that 
it  is  from  this  surface  that  the  sound  waves  are  emitted, 
this  being  the  only  surface  that  really  exerts  a  pressure 
against  the  air. 

4.  The  narrow  surfaces  of  the  prongs  usually  give  an 
intensity  next  to  that  of  the  broad  surface,  and  usually 
greater  than  the  ends  of  the  prongs.  In  some  of  the  tests. 
however,  especially  so  with  the  electrically  driven  fork 
resting  either  on  a  felt  pad  or  an  air  cushion,  the  ends  of 
the  forks  gave  slightly  more  intensity  than  did  the  narrow 
surfaces. 

5.  The  ends  of  the  prongs  always  gave  much  greater 
intensity  of  sound  than  did  the  edge  of  the  prongs  except 
when  the  latter  was  held  near  the  resonator  in  which  case 
the  .edge  seemed  a  little  louder  than  the  end. 

6.  From  a  practical  standpoint,  I  believe  we  may  say 
that  it  is  best  to  hold  the  broad  or  outer  surface  of  one  of 
the  prongs  of  the  fork  parallel  to  and  as  close  as  possible 
to  the  ear  without  touching  either  the  auricle  or  vibrissae 
in  order  to  get  the  greatest  intensity  of  sound.  However, 
if  the  same  method  is  used  in  every  case,  it  would  probably 
not  make  much  difference  if  either  the  narrow  surfaces  or 
the  ends  of  the  prongs  are  held  at  a  uniform  distance  from 
the  ear.  but  the  edge  of  the  prong  should  not  be  presented 
to  the  ear.  From  the  scientific  standpoint,  however,  one 
should  seek  to  develop  the  highest  efficiency  of  any  appliance 
and  the  apparatus,  whatever  it  be,  so  presented  to  the  ear 
that  the  maximum  sound  is  appreciated.  For  that  reason, 
we  believe  that  the  broad  or  outer  surface  of  the  prong.s 
should  be  the  part  held  near  the  ear  when  the  tests  are  made. 
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Discussion 

Prof.  Dayton  C.  Miller :  My  point  of  view  is  that  of 
the  physicist.  I  think  l)oth  sides  are  right  in  this  argit- 
nient.  Stimtilation  nitist  restilt  at  a  certain  point,  but  where 
does  the  selection  of  pitch  take  place?  I  believe  it  is  rela- 
tive motion  which  causes  stimulation,  but  that  the  selecti- 
vity resides  in  the  basilar  meml)rane. 

Dr.  D.  Harold  Walker,  Boston :  I  do  not  feel  competent 
to  discuss  this  valuable  paper,  especially  as  there  are  two 
physicists  in  the  audience.  I  have  been  using-  the  same  fork 
for  Rinne  test  for  years  and  feel  if  one  knows  his  fork  well 
one  can  get  fairly  well  standardized  results.  I  presuine  my 
audiometer  friends  would  relegate  the  tuning  fork  to  the 
waste  basket,  but  it  seems  to  me  that  it  occupies  an  impor- 
tant place  in  the  testing  of  hearing.  I  think  a  standardized 
system  of  testing  should  be  worked  out  so  that  when  the 
Rinne  test  is  mentioned  we  will  know  just  the  standard 
fork  used.  The  tuning  fork  does  not  give  quantitative,  but 
qualitative  results.  I  have  used  the  Blake  fork  which  is 
made  by  the  Harvard  Appliance  School  and  is  very  efficient 
for  this  purpose.  This  paper  is  too  highly  technical  for  me 
to  discuss  intelligently.  I  hope  to  hear  from  some  of  the 
physicists  on  the  subject. 

Prof.  Dayton  C.  Miller  (by  invitation)  :  I  have  been 
very  much  interested  in  this  presentation  which  is  a  question 
for  physicists,  although  they  have  not  made  this  investi- 
gation for  themselves.  Dr.  Sonnenschein  has  made  meas- 
urements and  given  the  specifications  in  a  very  definite 
way.    The  tests  are  reliable  and  the  conclusions  seem  fully 


DISCUSSION.  705 

substantiated.  The  otologist  uses  the  fork  so  near  to  the 
ear  that  the  air  loss  of  sound  intensity  does  not  apply.  I 
think  if  the  forks  have  been  used  in  a  standardized  way  the 
tests  are  competent  for  the  users  own  purpose  but  if  his 
work  is  to  be  compared  with  that  of  someone  else  it  would 
1)6  an  advantage  to  have  one  uniform  system  of  procedure. 
Dr.  Sonnenschein  spoke  of  the  irregularity  of  the  elec- 
trically driven  fork.  That  is  true  of  the  simple  devices, 
but  if  one  takes  considerable  trouble,  he  can  get  much  more 
reliable  electric  driving,  quite  sufficient  for  otological  tests. 
More  elaborate  devices  have  the  disadvantage  of  calling 
for  an  outlay  which  may  be  too  great  for  office  practice. 

Mr.  R.  L.  Wegel.  N.  Y.  (by  invitation).  I  cannot  add 
to  Dr.  Sonnenschein's  experience  with  the  tuning  forks. 
I  think  that  it  is  very  interesting  and  useful  to  find  ac- 
curately measured  the  variations  which  are  to  be  expected 
in  making  tests  with  tuning  forks.  There  is  one  point 
which  I  noticed  particularly  during  the  reading  of  the 
paper.  The  largest  differences  in  amplitude  which  I  noticed 
are  in  the  ratio  of  about  1 :3.  This  is  very  appreciable,  but 
not  an  extremely  large  difference  in  terms  of  sensation 
units.  If  a  sensation  unit  is  defined  as  the  number  of  steps 
in  loudness  which  can  ])e  just  appreciated,  the  ratio  1 :3 
represents  about  10  or  15  of  such  units,  whereas  the  total 
range  of  audition  is  a  matter  of  100  to  140  such  units. 
The  tuning  fork  is  never  very  loud  to  begin  with  and. 
therefore,  fades  to  the  threshold  of  audition  very  quickly 
and  a  ratio  1 :3  means  a  considerable  difference  in  the 
length  of  time  a  fork  can  be  heard.  If  the  fork  could  be 
started  with  a  loudness  corresponding  to  an  intensity 
which  could  be  felt,  it  would  make  a  relatively  smaller 
difference.  Where  a  large  variation  in  loudness  of  the 
testing  apparatus  is  available,  differences  such  as  those 
noted  by  Dr.  Sonnenschein  are  not  extremely  serious. 
Variations  from  day  to  day  of  the  patient  and  the  variations 
in  his  ability  to  concentrate,  etc.,  may  give  differences 
which,  on  the  average,  are  probably  one-half  as  great  in 
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sensation  units  as  the  observed  differences  in  the  forks. 
Forks  vary  considerably  in  the  rate  at  which  they  decrease 
in  amplitude  with  time,  but  on  the  average  die  down  to  one- 
third  of  their  initial  amplitude  in  about  five  seconds. 

Dr.  E.  P.  Fowler,  New  York  City :  Dr.  Sonnenschein's 
paper  illustrates  very  well  the  indispensability  of  the 
tuning  fork  from  the  qualitative  standpoint.  If  you  con- 
sider the  tuning  fork  in  its  simplest  conception,  that  is 
take  a  straight  bar  set  in  vibration,  and  bend  the  bar  into 
a  U  form.  You  have  the  tuning  fork  by  adding  a  shank. 
When  the  prongs  are  brought  parallel  both  prongs  in 
vibrating  go  in  and  out  simultaneously,  but  you  have  a 
plus  air  compression  wave  from  the  center  part  of  the  one 
prong  and  a  minus  wave  from  the  inner  face  of  the  other. 
There  is  then  an  area  at  a  45°  angle  to  the  face  of  the  fork 
where  there  is  no  sound  because  of  a  compression  from  one 
point  and  a  negative  phase  from  the  other  which  annul  one 
another. 

We  are  careless  in  the  use  of  the  forks.  Patients  may 
not  hear  one  because  it  is  held  at  the  wrong  angle.  As  Dr. 
Sonnenschein  says,  the  broad  outer  side  has  the  greatest 
intensity.  Another  important  point  in  all  our  methods  is 
in  comparing  air  and  bone  conduction..  Vibration  through 
bone  is  dependent  upon  how  hard  we  apply  the  fork.  For 
bone  conduction  it  is  best  to  hold  the  fork  vertical  to  the 
skull  without  undue  pressure,  or  with  slowly  remittent 
increases  and  diminutions  of  pressure.  If  we  are  not  care- 
ful we  shall  get  entirely  erroneous  results.  I  suggest  using 
the  shank  of  the  fork  on  the  mastoid  until  it  ceases  to  give 
a  definite  sound,  slowly  varying  pressure  of  shank  up  and 
down.  The  C-1  and  C-2  forks  are  exactly  the  same,  but 
not  when  held  on  the  mastoid.  With  strong  pressure,  bone 
conduction  appears  to  be  much  shorter  because  of  dampen- 
ing of  vibrations.  We  should  use  the  fork  in  a  qualitative 
way,  and  in  that  way  it  is  a  very  valuable  instrument. 

Dr.  R.  Sonnenschein,  Chicago :  (closing)  :  I  would  like 
to  thank  the  gentlemen  who  have  discussed  my  paper,  and 
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1  appreciate  the  remarks  of  Dr.  Walker,  Professor  Miller 
and  Mr.  Wegel.  In  relation  to  the  electrically  driven  fork, 
I  have  not  had  enough  experience  with  this  apparatus  to 
get  the  best  results  and  the  other  apparatus  is  too  expensive 
to  purchase  for  one  experiment. 

With  regard  to  planes  of  interference,  so  many  men 
are  careless  in  the  way  in  which  the  forks  are  presented. 
In  some  clinics  the  forks  are  held  in  any  direction  or  at 
any  distance.  The  four  areas  of  interference  are  very  im- 
portant to  remember.  The  tuning  fork  should  only  be  used 
for  qualitative  work  ;  it  is  very  difficult  to  get  quantitative 
results.  As  to  comparing  air  and  bone  conduction,  it  is 
true  that  the  stem  of  the  fork  held  before  the  meatus  is 
not  heard  longer  than  by -bone  conduction,  but  the  stem 
mastoid  is  a  firmer  substance  to  press  upon  than  if  you  art 
simply  holding  the  fork  in  the  air.  As  far  as  ratio  is  con- 
cerned, it  tells  us  whether  there  is  conduction  or  perception 
deafness.  If  you  place  a  rubber  tube  in  the  ear  the  sound 
waves  do  not  go  through  the  walls  of  that  tubing  and  we 
get  the  same  ratio  as  with  the  prongs  outside,  or  the  stem 
inside  the  tubing.  I  would  like  to  know  whether  with  the 
stem  of  the  fork  vibrating  in  the  air  one  would  not  have 
the  same  criterion  as  if  it  would  when  placed  upon  the 
mastoid. 


SOME  POINTS  IN  THE  OPERATIVE  SURGERY  OF 
THE  MASTOID  WHICH  ASSURE  THE  QUICKEST 
POSSIBLE  TIME  IN  HEALING. 

By   JOHX    P.    BARNHILL,   M.    D.,    Indianapolis,    Ind. 

The  mastoid  operation,  performed  for  the  relief  and 
cure  of  acute  mastoiditis  was,  less  than  a  half  century  ago, 
classed  among  the  hazardous  operations  in  surgery.  The 
process  of  repair  and  the  complete  healing  of  the  wound 
were  usually  long  drawn  out,  often  requiring  as  long  as 
two  or  three  months  and  sometimes  becoming  chronic 
discharging  wounds.  Even  much  more  recently  complete 
healing  after  this  operation  often  required  4  to  6  weeks 
even  in  favorable  cases. 

At  present  this  operation  may  be  performed  practi- 
cally without  danger  and  the  average  time  of  healing  is 
l)robably  something  less  than  three  weeks.  Formerly 
the  ])ostoperative  period,  the  period  of  healing,  was  one 
of  distress  to  the  patient,  the  change  of  dressing  was  pain- 
ful and  the  long  period  of  wearing  some  sort  of  bandage 
v^as  embarrassing.  Today  all  this  is  changed,  the  healing 
is  rapid,  the  dressings  comparatively  painless  and  bandages 
are  necessary  but  a  few  days.  These  happy  results  have 
been  brought  about  by  a  better  knowledge  of  the  pathology 
involved,  early  and  positive  diagnosis,  and  by  the  develop- 
ment of  a  greatly  improved,  one  might  perhaps  say,  an  al- 
most perfected  technic  for  this  class  of  mastoid  operation. 

In  the  vast  majority  of  all  acute  mastoid  infections  the 
disease  is  limited  to  the  middle  ear  and  mastoid  cells  with 
perhaps  a  continuance  of  the  original  and  causative  infec- 
tion in  the  nose,  pharynx  and  nasopharynx.  No  vital 
center  is  involved  in  simple,  uncomplicated  mastoiditis.  If, 
therefore,  the  disease  is  diagnosed  early  as  it  now  easily 
may  be,  and  before  any  extension  to  adjoining  and  more 
dangerous    environmental    structures    occurs,    the    process 


OPERATIVE  SURGERY  OF  THE  MASTOID.         JQl) 

of  eradicating  the  ailment  by  surgical  means  is  one  of  the 
simplest  of  all  surgery,  and  therefore  should  be,  and  .is, 
one  of  the  safest  of  all  operative  procedures.  In  short, 
surgery  of  the  mastoid  for  acute  mastoiditis  has,  for  the 
writer  at  least,  attained  the  standard  of  a  well  established 
and  thoroughly  settled  surgical  procedure. 

Quick  and  satisfactory  recovery  from  this  operation 
dei)ends  largely  upon  the  proper  and  thorough  execution 
of  certain  points  in  surgical  technic.  These  in  my  own 
practice  have  been  evolved  and  adopted  after  an  experience 
of  more  than  25  years  in  mastoid  surgery,  during  which 
several  thousand  mastoid  operations  have  been  performed. 
It  is  not  presumed  that  this  technic  differs  materially  from 
that  of  others  who  have  likewise  noted  the  results  of  the 
various  plans  which  have  been  from  time  to  time  em- 
ployed, and  who  have  finally  adopted  a  plan  based  upon  an 
experience  which  is  highly  satisfactory  to  themselves. 

The  principal  points  in  this  operation  the  strict  observ- 
ance of  which  give  quickest  healing  and  safety  are : 

1. — The  Preparation  of  the  Field  of  Operation. 

My  early  teaching  was,  that  since  the  mastoid  opera- 
tion is  performed  in  a  septic  field  great  care  in  the  steri- 
lizing of  the  mastoid  is  not  wholly  essential.  It  probably 
is  not  wholly  essential  to  ultimate  success,  but  thorough- 
ness in  sterilizing  the  area  to  be  operated  is  entirely  neces- 
sary to  the  quickest  healing,  to  comfortable  convales- 
cence and  certainly  to  absolute  safety  of  the  patient.  The 
same  care  should,  therefore,  be  taken  to  prepare  the  field 
of  operation,  and  to  protect  it  from  a  non-sterile  eviron- 
ment  during  the  operation  that  would  be  considered 
adequate  in  case  the  operation  were  to  be  done  on  the 
Ijrain  or  in  the  abdominal  cavity.  For  the  purpose  of 
sterilization  I  use  the  ether,  iodine  and  alcohol  sequence, 
and  have  no  desire  to  change. 

2. — Exposure  of  the  Affected  Osseous  Surfaces. 

\\'hile  not  of  course  an  advocate  of  undue  or  unneces- 
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sary  exposure  of  the  underlying  mastoid  bone,  I  have  little 
patience  with  efforts  at  operation  made  through  inadequate 
incisions,  for  it  is  undoubtedly  true  that  large  wounds  will 
heal  quickly  if  all  the  disease  is  removed,  whereas  small 
wounds  never  heal  if  some  seriously  affected  ])art  is  left 
behind.  An  adequate  exposure  of  one's  work  is  the  best 
insurance  that  all  of  the  disease  will  be  discovered  and 
safely  removed. 

Formerly  I  extended  the  incision  some  distance  into 
the  neck  below  the  mastoid  tip  for  the  purpose  of  facilitat- 
ing detachment  of  muscles.  This  I  believe  is  a  mistake 
except  in  cases  of  Bezold's  abscess.  The  incision  should  be 
but  slightly  beyond  the  tip  toward  the  neck  and  only  just 
far  enough  to  enable  the  operator  to  detach  such  portions 
of  attached  muscle  as  may  be  actually  necessary.  Some 
years  ago  the  muscles  were  very  completely  detached  from 
the  mastoid  tip  in  all  cases  before  opening  the  mastoid 
antrum  and  cells,  and  therefore  before  it  could  be  known 
whether  or  not  extensive  detachment  would  be  helpful. 
There  are  many  cases  in  which  but  little  detachment  is 
desirable  and  in  these  if  complete  separation  of  the  muscle 
is  made,  unnecessary  pathways  of  infection  are  opened, 
more  postoperative  pain  than  necessary  is  invited  and  pro- 
longed healing  often  results. 

.1 — The  Extent  and  Manner  of  Bone  Removal. 

The  mastoid  antrum  should,  I  [relieve,  be  opened  in 
every  case  and  every  suspicious  mastoid  cell  ought  to  be 
eradicated.  The  osseous  wound  does  better,  heals  quicker 
and  more  certain  if  left  a  little  rough.  It  is  an  error  in 
technic  to  hone  or  i)()lish  the  osseous  cavity  of  a  mastoid 
wound,  for,  to  do  so  delays  to  some  extent  the  final  healing 
of  the  wound.  The  posterior  meatal  wall  should  in  every 
case  h&  cut  away  partially,  almost  to  the  tympanic  ring, 
much  after  the  manner  of  the  Heath  ojieration.  This 
sliar])  osseous  septum  which  formerly  was  left  stanclin;^- 
1)etween   the  external  meatus  and  the  mastoid  cavitv  has 
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no  function  and  is  undoubtedly  a  hindrance  to  quick  heal- 
ing. When  cut  away  it  allows  the  soft  structures  to  drop 
into  the  wound  on  closing,  to  partially  fill  the  wound,  and 
thus  very  greatly  to  favor  rapid  and  complete  healing.  The 
removal  of  this  useless  obstructive  osseous  structure  will, 
I  estimate,  enable  cure  to  occur  at  least  a  week  earlier 
than  if  the  same  is  left  standing.  This  removal  of  the  post 
nieatal  wall  does  not  end  in  any  asymmetry  of  the  two 
ei-.rs  after  healing  is  complete. 

4. — Another  important  point  in  the  technic  of  securing  the 
quickest  possible  time  in  healing  is  found  in  the  manage- 
ment of  the  mastoid  tip.  Formerly  as  did  others,  I  removed 
it  completely.  I  now  believe  to  remove  the  tip  is  a  mistake 
in  nearly  every  instance,  since  to  do  so  requires  completely 
detaching  the  muscles  attached  to  it,  which  is  usually  en- 
tirely unnecessary  and  therefore  an  error  of  technic. 
There  can  be  no  argument  concerning  the  fact  that  all 
infected  mastoid  cells  located  in  the  tip  should  be  complete- 
ly eradicated,  but  this  can  be  done,  and  should  be  done 
without  molesting  the  osseous  shell  which  forms  the 
floor  of  the  tip,  and  internal  wall  of  the  tip.  If  this  hard 
shell  is  left  in  situ  the  necessity  for  muscle  detachment  is 
wholly  avoided  or  reduced  to  a  minimum,  drainage  will  be 
equally  good,  while  post-operative  soreness  and  stiffness 
of  the  neck  due  to  muscle  infection  will  almost  certainly 
be  avoided.  In  most  cases  no  good  reason  whatever  can 
be  assigned  for  completely  removing  the  tip  of  the  mastoid. 
To  leave  it  allows  all  the  neck  muscles  to  function,  and, 
because  these  muscles  are  not  cut.  muscle  infection  is 
avoided  and  another  point  in  securing  quick  healing  is  es- 
tablished. 

5. — Draiuagc  and  Packing. 

It  was  formerly  thought  necessary  to  pack  all  mastoid 
wounds  until  healing  was  complete.  "Secure  healing  from 
the  bottom"  was   the   dictum.     This  plan   usually   insured 
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safety  and  ultimate  healing.  However,  as  a  result  of  this 
method  the  cure  was  often  long-  delayed,  an  unsightly,  de- 
pressed scar  remained,  and  the  several  weeks  or  months  of 
daily  change  of  the  paclcing  was  more  or  less  painful.  This 
])rocedure  fortunately  has  fallen  into  disuse.  Healing  by 
granulation  from  the  bottom  of  the  wound  was  a  slow  and 
entirely  unnecessary  process,  but  for  the  reason  that  the 
mastoid  operation  had  been  performed  in  the  midst  of 
sepsis  this  technic  was  long  thought  best  and  safest,  and 
was  reluctantly  given  up  by  many  in  great  fear  of  the  sup- 
posed evil  consequences  likely  to  follow  any  other  method. 
In  this  connection  mention  may  be  made  of  the  benefits 
derived  from  allowing  the  patient  to  be  out  of  bed  soon 
after  the  mastoid  operation.  A  very  large  percentage  of 
such  patients  have  been  ambulatory  up  to  the  day  of 
operation.  To  confine  these  to  the  bed  for  any  undue 
period,  as  was  formerly  done  is  not  necessary  to  safety  and 
often  retards  the  progress  to  early  cure.  Therefore,  unless 
the  case  is  already  prostrate  from  the  disease  which  caused 
the  mastoid  infection,  it  is  a  wise  plan  to  allow  the  patient 
to  sit  up,  and  to  be  about  the  room  on  the  second  or  third 
day  after  operation. 

6. — Employment  of  the  modified  blood  clot  dressing  was  a 
long  step  forward  to  quick  healing  in  mastoid  operations. 
Infections  of  the  clot  sometimes  occured  but  it  was  in  due 
time  observed  that  serious  infection,  or  at  least  serious 
consequences  following  infection  of  the  clot  could  be 
avoided  in  nearly  every  case  by  strict  observance  during 
the  operation  of  all  the  points  of  surgical  technic  herein 
discussed,  and  especially  those  dealing  wnth  the  prepara- 
tion of  the  wound,  thoroughness  in  removal  of  all  infected 
tissues,  and  especially  of  the  insertion  of  a  proper  drain 
for  the  first  tw^enty-four  hours. 

No  blood  clot  could  organize  and  remain  a  w^holesome 
factor  in  healing  in  the  presence  of  infection.  It  is  with 
this  thought  in  mind  that  the  field  of  operation  must  be 
made  thoroughly  sterile  before  beginning  the  operation ; 
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gloves  must  be  worn,  and  every  other  precaution  followed 
throughout  that  will  of  a  certainty  secure  sustained  steril- 
ity. Any  suppurating  or  infected  cell  that  may  be  over- 
looked at  operation  will  always  break  down  the  blood  clot, 
set  up  danger  and  slow  down  or  completely  arrest  the  heal- 
ing process.  Hence  every  point  of  even  minor  detail  must 
receive  attention  during  the  operation.  An  item  of  value 
in  preparing  all  mastoid  wounds  to  receive  the  blood  clot 
is  that  of  attention  to  all  minute  bone  clips  and  grit  from 
the  use  of  the  chisel  and  hand  burr.  Small  bone  chips  are 
easily  overlooked  and  bone  grit  from  the  burr  is  of  course 
not  easily  seen.  Both  or  either  must  however  be  com- 
pletely removed  if  the  blood  clot  is  to  be  used  and  quick 
healing  is  to  be  expected.  I  am  of  the  opinion  that  atten- 
tion to  the  simple  detail  of  completely  removing  this  opera- 
tive debris  is  of  prime  importance  in  securing  quick  certain 
and  painless  healing  of  the  operated  mastoid.  My  plan, 
before  finishing  the  wound,  is  to  drop  into  the  mastoid 
cavity  a  drachm  or  more  of  pure  hydrogen  peroxide,  and, 
after  a  few  moments  to  syringe  the  same  away  with  sterile 
Avater  of  a  temperature  at  about  110°F.  Neither  the 
peroxide  or  water  are  used  with  the  primary  thought  of 
sterilizing  the  wound,  but  rather  to  blanche  the  bone  and  to 
make  more  certain  the  removal  of  all  osseous  debris.  The 
foaming  peroxide  seems  to  entangle  the  osseous  particles 
which  may  then  readily  be  washed  away  by  means  of  the 
hot  water.  The  bone  is  whitened  and  the  small  bleeding 
is  checked  by  this  procedure,  the  resulting  clean  wound 
giving  the  operator  a  better  opportunity  to  make  a  final 
inspection  of  the  cavity  for  any  pathology  that  may  have 
been  overlooked.  At  this  inspection  I  have  sometimes  dis- 
covered an  unopened  cell  or  area  of  diseased  bone  which, 
if  left  behind  would  of  a  certainty  have  caused  delay  in  heal- 
ing. 

When  the  wound  is  known  to  be  thoroughly  operated 
and  sterile  a  small  rubber  tissue  drain  is  inserted  into  the 
open  cavity   of   the   mastoid  antrum.     I   no   longer   use   a 
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wick  or  cigarette  drain,  believing  that  the  simple  rubber 
tissue  secures  better  drainage  and  is  less  inviting  to  out- 
side infection.  This  drainage  tissue  is  removed  at  the 
first  dressing  and  no  other  is  inserted.  Insertion  of  the 
drain  into  the  antrum  is  best  because  it  then  drains  away  any 
suppurative  product  from  the  middle  ear.  Mere  insertion 
of  the  drain  into  the  mastoid  wound  may  invite  infection 
of  the  blood  clot  from  infectious  products  remaining  in  the 
ear. 

After  placing  the  drain  as  stated  the  soft  structures  of 
the  ear  and  mastoid  are  allowed  to  fall  into  the  mastoid 
cavity,  and  any  dead  space  remaining  to  fill  with  blood. 
If  the  posterior  meatal  osseous  wall  has  been  cut  away 
sufficiently  as  already  described,  and  the  mastoid  tip  dealt 
with  as  previously  indicated,  but  little  dead  space  will  re- 
main after  the  tissues  have  fallen  into  place ;  therefore  but 
little  blood  clot  is  required  to  complete  the  filling  in  of  the 
operative  cavity.  Indeed  there  often  seems  to  be  neces- 
sary but  a  thin  layer  of  clot ;  only  just  enough  to  insure 
what  corresponds  to  a  union  by  first  intention  between 
the  bone  and  overlying  soft  tissues,  and  therefore  it  is  not 
uncommon  to  find  healing  practically  complete  in  ten  days. 

7. — The  Sutures. 

Placing  the  sutures  would  seem  too  simple  a  procedure 
to  mention,  however,  there  are  points  connected  with  it 
which  must  be  observed  if  comfort  and  quick  healing  are 
to  follow.  In  cases  where  the  soft  structures  of  the 
mastoid  are  thickened  by  infiltration  caution  is  necessary 
not  to  tie  the  stutures  tightly,  since  more  swelling  than 
is  already  present  usually  follows  the  operation  and  if 
tension  is  great  on  the  sutures  both  pain  and  suture 
abscess  will  result.  Suture  abscess  may  infect  the  under- 
lying blood  clot  and  other  healing  parts  and  this  would 
of  a  certainty  greatly  delay  complete  healing  of  the 
wound.  Four  sutures  of  catgut  are  used,  two  of  which 
are  usually  removed  on  the  fourth  day.     Sutures  of  silk. 
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silk  worm  or  other  non-resisting  material  are  never  so 
comfortable  or  safe,  and  never  are  conducive  to  as  quick 
healing  as  that  secured  from  the  more  elastic  catgut.  To 
secure  perfect,  painless  healing,  healing  without  a  scar, 
requires  of  course  a  perfect  coaptation  of  the  opposing 
lips  of  the  wound.  It  has  been  argued  that  partial  opposition 
is  all  that  is  necessary,  since  if  the  edges  are  left  partially 
separated  better  drainage  is  secured.  Experience  does 
not  bear  out  this  contention. 

Following  the  above  plan  of  operation  for  acute  mas- 
toiditis there  is  usually  no  suppuration  from  the  wound. 
The  drainage  is  small  and  consists  of  serum.  The  drain 
tissue  is  removed  on  the  first  or  second  day  and  none  other 
replaced.  The  external  auditory  canal  is  mopped  dry,  if 
necessary,  with  alcohol  and  the  line  of  sutures  over  the 
mastoid  wound  are  swabbed  over  with  alcohol.  This 
very  simple  attention  is  all  that  is  necessary  in  a  very  large 
percentage  of  cases,  those  that  follow  severe  infections  as 
well  as  the  milder  cases  doing  about  equally  well.  Even 
when  the  dura  has  been  uncovered,  or  where  an  extra  dural 
abscess  has  been  evacuated  the  wound  is  closed  over  as 
above  described  and  the  after  treatment  is  carried  out  along 
the  same  simple  lines,  for  experience  has  shown  that  the 
more  extensive  cases  where  the  dura  is  exposed,  or  where, 
the  infection  seems  menacing,  do  best  under  the  simple 
plan  of  treatment.  Of  course  in  cases  where  there  is  a 
reasonable  question  as  to  whether  or  not  all  the  products 
of  infection  have  been  removed,  the  operator  may  wisely 
omit  the  lower  sutures,  pack  the  wound  and  keep  its  depth 
under  observation.  The  cases  in  which  this  plan  is  wise  are 
few,  for  should  the  wound  do  badly  in  any  case  the  diffi- 
culty is  showed  in  pain  and  rise  of  temperature,  in  which 
case  it  is  not  a  serious  or  difficult  matter  to  release  the  sut- 
ures open  the  wound  widely  and  remove  the  source  of 
trouble.  The  wound  may  then  be  packed  and  otherwise 
treated  as  was  formerly  done  when  packing  was  the  rule 
in  everv  case. 
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Discussion 

Dr.  Harris  P.  Mosher,  Boston :  I  think  the  reader 
should  not  apologise  for  a  paper  of  this  type.  I  have  long 
ago  given  up  apologising  for  not  removing  the  tip  for  the 
reason  given  by  Dr.  Barnhill.  I  was  interested  in  the  almost 
complete  removal  of  the  posterior  wall.  I  combine  that 
with  a  flap  of  soft  tissue  to  do  away  with  the  deformity. 
I  was  interested  to  hear  Dr.  Barnhill  advocate  posterior 
wall  removal  as  a  routine  measure. 

Dr.  E.  B.  Dench,  New  York :  I  agree  in  the  main  with 
what  the  speaker  has  said.  I  used  to  be  one  of  the  most 
ardent  advocates  of  the  open  wound,  but  I  have  given  that 
up.  I  now  employ  the  method  of  Dr.  Barnhill.  I  suggested  the 
removal  of  the  posterior  wall  of  the  canal  at  a  Trilogical 
meeting  at  Norfolk.  It  does  obliterate  the  cavity.  If 
my  antrum  is  deep  I  take  down  part  of  the  posterior 
wall.  I  think  Dr.  Barnhill  has  given  us  a  good  method 
and  I  shall  try  it.  I  agree  that  the  wound  heals  more 
rapidly  when  the  dura  and  sinus  are  exposed  rather 
than  leave  a  thin  layer  of  the  internal  table  which  does  not 
granulate  easily.  I  have  not  seen  muscle  infection  from 
removal  of  the  tip.  I  have  seen  abscess  of  the  neck  but  I  do 
not  call  that  muscle  infection.  Infection  of  the  deep  planes 
of  the  neck  is  serious  but  as  far  as  removal  of  the  tip  is 
concerned  I  adhere  to  that  in  all  acute  cases.  Dr.  Barnhill 
speaks  of  a  thin  shell  of  bone.  L  think  it  may  become 
necrotic.  He  speaks  of  removing  tne  posterior  wall  of  the 
canal  to  collapse  the  wound.  I  remove  the  tip  for  the  same 
purpose.  I  remove  the  tip  until  I  see  the  digastric  muscle. 
I  am  surprised  that  Dr.  Barnhill  has  not  found  bone  cells 
running  down  along  the  jugular  bulb.  I  have  practically 
abandoned  the  open  treatment  of  mastoid  w-ounds.  I 
always  put  in  a  gauze  drain  for  48  hours  but  I  think  Dr. 
•  Barnhill's  method  is  better.  Later  I  put  in  a  rubber  tissue 
drain.  Another  point  is  the  suture  of  the  periosteum.  I  do 
this  in  every  case  unless  the  case  is  very  dirty.     It  retracts 
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very  much  and  it  is  not  easy  to  get  apposition  of  edges.  I 
carry  a  line  of  catgut  sutures  into  the  soft  tissues,  leaving 
an  opening  of  34  i"ch  at  the  lower  angle  of  the  wound  the 
gauze  or  rubber  tissue  drain  is  placed  in  the  antrum  and 
brought  out  at  the  lower  angle  of  the  wound.  Then  I  close 
the  superficial  wound  with  Michel  clamps  to  insure  perfect 
apposition.  That  method  in  my  hands  has  worked  better 
than  any  other.  By  apposition  of  the  soft  tissue  the  an- 
trum is  shut  off  more  quickly  and  the  approximated  soft 
tissues  tend  to  obliterate  the  cavity. 

The  use  of  Michel  Clamps  instead  of  sutures  prevents 
the  possibility  of  staphylococcus  infection  as  it  avoids  the 
carrying  of  the  sutures  through  the  integument  which 
contains  abundant  staphylococci. 

Dr.  George  L.  Richard,  Fall  River :  There  is  one  dif- 
ficulty in  taking  down  the  posterior  wall.  You  obliterate 
your  cavity,  but  you  also  obliterate  the  canal  by  narrowing 
the  canal.    We  had  that  happen  in  one  case. 

Dr.  Edmund  P.  Fowler,  Xew  York :  One  important  point 
has  not  been  brought  out,  and  that  is  drainage  from  the 
middle  ear.  So  far  as  the  drain  from  the  mastoid  wound, 
is  concerned  whether  we  continue  to  put  in  drains  or  not,  de- 
pends on  how  the  drainage  from  the  middle  ear  acts.  Many  of 
us  syringe  through  before  the  operation  is  finished  to  get 
a  thorough  drainage  between  the  mastoid  and  the  middle 
ear.  Putting  a  drain  down  to  the  mastoid  and  the  middle 
ear  does  not  stop  the  drainage  of  pus  around  and  outside 
of  the  drain.  It  will  drain  outside  and  inside.  As  soon  as 
you  can  keep  up  drainage,  whether  you  put  a  gauze  drain 
or  rubber  drain,  the  patient  gets  well  quickly.  At  one 
time  we  used  to  cork  it  up  with  gauze  packing,  but  we 
don't  do  that  now. 

Dr.  Barnhill  (closing) :  In  regard  to  cutting  down 
the  posterior  wall  I  have  not  found  Dr.  Richards'  difficulty. 
I  never  slit  the  posterior  wall  as  mentioned  by  Dr.  Mosher 
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because  it  is  entirely  unnecessary  ;  I  think  it  hinders  the 
()l)literation  of  the  cavity.  When  the  soft  tissues  drop  back 
into  the  cavity  there  is  not  much  cavity  left.  There  is 
then  very  little  blood  clot  necessary.  I  have  not  found  the 
difficulty  that  Dr.  Dench  mentioned  with  the  tip  of  the 
mastoid.  The  soft  parts  drop  in  easily.  Dr.  Dench  men- 
tioned the  fact  that  there  may  be  cells  running  down  to- 
ward the  jugular  bulb.  I  would  not  advocate  leaving  any 
infected  cells,  and  if  one  can  not  eradicate  such  cells  with- 
out removing  the  tip  I  should  remove  the  tip.  If  the  shell 
of  bone  is  left  in  it  maintains  an  adequate,  advantageous 
anchorage  for  the  muscles.  It  saves  the  patient  the  dis- 
tressing muscle  soreness.  In  regard  to  the  use  of  gauze 
drains  would  say  that  we  have  given  them  up,  except  in 
rare  instances,  where  the  rubber  drain  is  for  some  reason 
contraindicated.  I  believe  the  rubber  does  everything  a 
drain  can  do.  It  is  easy  to  pull  out  and  no  pain  is  caused 
by  its  removal.  Mastoid  surgery  has  resolved  itself  into  a 
sim])le  procedure,  free  of  danger,  and  quickly  over.  It  has 
become  one  of  the  simplest  of  all  o])erations  and  certainly 
one  of  the  safest  operations  in  surgery,  provided  it  is  done 
before  any  complication  arises. 


THE  RELATION  OF  THE  ENDOCRINE  GLANDS  TO 
THE  DISORDERS  OF  THE  EAR.  XOSE  AND  THROAT. 

By    A.    J.    CARLSOX,    M.    D..    Chicago    111.* 

One  group  of  diseases  of  the  ear,  nose  and  throat  are 
mechanical  results  of  physical  deformities,  sometimes  con- 
genital, sometimes  secondary  effects  of  infections  or  other 
destructive  agencies,  sometimes  the  results  of  glandular 
hyperplasias  or  abnormal  growth  of  cartilage  and  connect- 
ive tissues.  A  second  group  of  diseases  of  these  regions 
are  the  infections.  A  third  group  seems  to  be  due  essen- 
tially to  disturbances  in  the  circulation.  This  ap]ilies  par- 
ticularly to  the  nose,  and  in  some  cases  to  the  middle  ear. 
With  these  circulatory  disturbances  are  frequently  associ- 
ated abnormal  irritability  of  sensory  nerves  leading  to 
excess  reflexes  of  various  kinds.  \\'e  have  what  may  be 
called  primary  hypertrophy  of  the  lymphoid  tissues  of  the 
nose  and  throat,  that  is,  the  adenoids  and  the  tonsils.  The 
hypertrophy  is  at  times  of  obscure  origin  possibly  dietary 
or  irritative,  but  not  certainly  related  to  acute  infections. 
And.  finally,  there  is  the  so-called  sclerosis  of  the  internal 
ear.  leading  to  varying  degrees  of  deafness  and  the  deaf- 
ness of  old  age. 

The  problem  that  you  have  asked  me  to  discuss  is 
whether  any  of  these  groups  of  diseases  are  due.  directly 
or  indirectly,  to  the  disturbances  of  any  one  or  any  group 
of  endocrine  glands  and  whether  there  is  evidence  or  hope 
tiiat  these  disturbances  in  the  ear.  nose  and  throat  can  l)e 
ameliorated  by  administration  of  ductless  glandular  pro- 
ducts. 

The  ductless  glands  are  receiving  a  great  deal  of 
attention,  both  in  the  sciences  and  in  the  arts  of  medicine 
today.  When  striking  advances  or  striking  cures  of  im- 
portant diseases  are  affected  in  any  field,  it  is  natural  and 
legitimate    that    such    remedies    or    therapeutic    processes 
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should  be  tried  in  conditions  not  yet  definitely  related  to 
the  etiology  or  the  remedy  in  question.  This  is  legitimate 
empiricism,  and  we  shall  make  progress  if  the  work  is  done 
scientifically.  We  delay  progress  and  increase  the  fog  of 
confusion,  so  favorable  to  the  faker's  trade,  if  we  follow 
"post  hoc"  methods.  Administration  of  endocrine  products 
have  been  tried  in  practically  every  disease  known  to  man, 
from  ingrowing  toe-nails  to  old  age,  but  when  I  read  the 
clinical  reports  of  successes  with  every  imaginable  tissue 
or  endocrine  product  in  cases  of  every  disease,  I  say  frank- 
ly:  "I  am  from  Missouri."  The  spermin  of  Poehl  has  been 
used  as  a  general  metabolic  stimulant  or  catalyzer  and  the 
European  medical  literature  reports  good  results  from  the 
use  of  this  product  in  Asiatic  cholera,  syphilis,  erysipelas, 
delirium  tremens,  carbon  monoxide  poisoning,  chloroform 
poisoning,  impairment  of  heart  and  lungs,  hemophlagia, 
paralysis,  hysteria,  neurasthenia,  myelitis,  scurvy,  maasmus, 
skin  diseases,  typhoid  fever,  toxic  goitre,  pulmonary  tuber- 
culosis, diabetes,  anemia  and  gout.  I  do  not  see  why  your 
specialty  is  discriminated  against  in  this  array  of  organo- 
therapy. Surely  a  cure-all  like  "spermin"  should  be  able 
to  favorably  aflFect  the  tonsils  and  th^  adenoids,  the  diverted 
septum,  the  infected  middle  ear,  and  the  deafness  of  old  age. 
Func.  (Arch.  F.  Verdaungskr.  1922,  XXIX,  167)  reports  im- 
provements in  the  protean  disease  arteriosclerosis  by  feed- 
ing "Animasa."  This  amazing  "animasa"  is  said  to  be 
an  extract  of  blood  vessels  and  blood  proteins !  But 
lest  we  should  seem  to  be  outdone  by  our  European  breth- 
ren, I  must  call  your  attention  to  the  therapeutic  effects 
recently  reported  in  a  reputable  medical  journal  from  hypo- 
dermic injections  of  fresh  testes  of  goats  into  656  persons, 
including  7  women  and  13  physicians.  What  ailed  the  seven 
women  that  our  colleagues  could  hope  to  cure  by  goat 
testes  administered  by  needle  through  the  skin  is  not  re- 
lated, nor  what  ailed  the  13  physicians ;  but  all  except  one 
physician  reported  good  effects  from  injections.  Our 
colleagues  reported  therapeutic  benefits  from  this  goat 
gland    therapy    in    asthma,    general    asthenia,    rheumatism. 
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neurasthenia,  tuberculosis,  senility,  sex  lassitude,  epilepsy, 
dementia  precox,  diabetes,  and  locomotor  ataxia.  Even 
more  remarkable,  41  of  the  injected  persons  had  poor  vision 
and  32  of  these  persons  saw  things  better  after  they  had 
received  a  little  goat  testes  under  the  skin.  The  evidence 
for  this  effect  of  testes  on  vision  runs  as  follows :  "Thirty 
one  of  the  injected  persons  reported  that  their  vision  was 
greatly  strengthened  after  injection.  One  man  declared 
that  before  his  treatment  he  had  difficulty  in  distinguishing 
the  torpedo  boats  plying  up  and  down  the  bay.  following 
two  injections  he  affirmed  he  not  only  saw  the  boats  but 
that  he  could  see  the  numbers  on  the  boats.  He  is  an 
accountant  and  credence  should  be  given  his  statement." 
Here  again  we  note  that  nothing  is  said  concerning  the 
value  of  goat,  boar,  ram  or  deer  testes  in  the  cure  of  di- 
seases of  the  ear,  nose  and  throat. 

What  are  the  endocrine  glands  and  what  are  the  essen- 
tial facts  known  concerning  their  functional  relation  to  di- 
seases, and  the  effects  of  administration  of  extracts  of 
these  glands  in  particular  or  general  disorders?  The  fol- 
lowing organs  are  generally  regarded  as  belonging  to  the 
group  of  endocrine  glands :  the  ovaries,  the  testes,  the 
adrenals,  the  pancreas,  the  thyroid,  the  parathyroids,  and 
the  hypophysis.  There  is  another  group  of  glands  in  which 
the  evidence  of  endocrine  function  is  still  in  the  balance. 
These  are  the  spleen,  the  thymus,  and  the  pineal  body. 
The  liver  must  undoubtedly  be  considered  in  certain  re- 
spects as  an  endocrine  organ  and  the  same  probably  applied 
to  some  parts  of  the  brain,  but  the  liver  and  the  brain 
have  so  many  other  functions  in  the  body  that  no  distinct 
diseases  have  as  yet  been  defined  as  due  to  failure  of  en- 
docrine activity  of  either  the  liver  or  the  brain,  with  the 
possible  exception  of  the  relation  of  the  basal  part  of  the 
mid  brain  to  diabetes  insipidus. 

The  generally  recognized  method  of  determining  the 
specific  function  of  an  endocrine  organ  is  to  follow  the 
eft'ects  of  complete  or  partial  removal  of  this  organ  in  an 
otherwise  healthy  animal  and  check  this  up  with  the  effects 
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of  destructive  lesions  in  this  organ  in  man.  Obviously  the 
data  on  man  will  be  more  reliable  when  the  lesions  are 
confined  to  the  organ  in  question  and  not  generalized.  For 
instance,  if  the  adrenals  are  destroyed  by  tuberculosis  but 
there  are  no  tubercular  processes  in  any  other  part  of  the 
body  and  when  such  a  condition  produces  results  similar 
to  the  removal  of  the  adrenals  in  otherwise  healthy  animals, 
we  are  justified  in  concluding  that  the  disease  parallel  with 
the  tuberculosis  of  the  adrenals  is  not  due  to  the  tubercu- 
losis per  se  but  to  the  destruction  of  this  particular  organ 
by  the  tubercular  processes.  Again,  the  reliable  evidence 
for  so-called  organotherapy  is  secured  by  similar  methods. 
I'irst,  we  remove  the  endocrine  organs  in  question  in  other- 
wise healthy  animals  and  we  note  the  natural  history  of 
the  sequellae  of  such  removal,  then  we  feed  or  inject  this 
animal  with  various  preparations  of  the  organ  removed 
and  determine  to  what  extent  these  administrations  change 
the  natural  history  of  the  defects  in  the  animal  following 
the  loss  of  the  organ.  Having  such  experimental  data  we 
try  to  check  these  up  on  patients  where  we  have  evidence 
that  the  disease  is  due  to  hypofunction  of  a  specific  endoc- 
rine gland.  By  following  the  same  rigid  scientific  control 
and  reasoning  as  in  the  case  of  the  experimental  work,  we 
can  secure  equally  reliable  data  in  the  clinic  as  in  the  labo- 
ratory as  to  the  efificacy  of  a  particular  endocrine  product  in 
a  ])articular  malady,  but  if  we  do  not  weigh  the  patient's 
statements  where  they  are  not  checked  up  by  objective 
tests,  if  we  let  our  own  enthusiasm  run  away  with  our  judg- 
ment, if  we  forget  the  natural  up  and  downs  in  the  malady, 
and.  ])articularly.  if  we  try  a  whole  series  of  therapeutics 
simultaneously  (irrespective  of  what  the  results  in  the  j^a- 
tients  might  be)  we  can  not  draw  reliable  conclusions  as  to 
the  s])ecific  effects  of  the  organotherapy  in  question.  If  the 
physician  is  kind  to  his  patients  and  if  the  patients  know  the 
kind  of  results  he  likes  to  have,  the  patient  will  frequently 
stretch  a  point  and  tell  you  he  feels  better  even  though 
he  is  not  certain  that  he  has  been  actually  improved.  The 
only  safeguard  on  this  point  is  rigid  objective  determina- 
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tions  by  ourselves,  or  l^etter  still,  by  a  competent  third 
party,  who  does  not  know  what  we  are  doing-  for  or  with 
the  patients.     This  is  self-evident. 

\\'ith  this  brief  statement  of  the  scientific  and  the 
clinical  methods  of  determining  the  relation  of  the  endoc- 
rine glands  to  particular  diseases  and  the  value  of  endocrine 
products  in  the  cure  of  these  diseases,  we  may  now  proceed 
to  examine  the  possible  relation  of  the  endocrine  glands  to 
the  main  disturbance  of  the  ear,  nose  and  throat.  In  doing 
this,  we  will  save  time  by  eliminating  at  once  the  endocrine 
glands  that  have  not  yet  been  seriously  accused  of  pro- 
ducing- diseases  of  the  ear,  nose  and  throat.  These  are 
the  gonads.  Removal  or  destructive  lesions  of  the  gonads 
jiroduces  no  anatomical  deformation  in  the  ear,  nose  or 
throat  that  leads  to  disease.  It  does  not  lower  the  resis- 
tance to  infection  in  these  regions,  it  causes  no  hypertrophy 
or  atrophy  in  these  regions  either  in  man  or  beast.  There 
is  no  dispute  on  this  point  in  the  reliable  literature  or  in 
the  minds  of  well  informed  men.  We  have  literally  in- 
numerable cases  of  castrated  and  spayed  animals  and  men 
with  no,  so  far  as  I  know,  evidence  of  any  greater  inci- 
dence of  ear,  nose  and  throat  diseases  in  the  castrated  or 
si)ayed  group  than  in  the  normal  group.  With  possibly 
one  minor  exception,  we  can  exclude  the  ovaries  and  testes 
from  implication  in  diseases  of  the  ear,  nose  and  throat, 
and  as  a  corollary  exclude  endocrine  products  from  these 
glands  in  the  treatment  of  ear,  nose  and  throat  disorders. 
The  exception  mentioned  is  the  erectile  like  tissue  in  the 
nose  that  seems  to  be  functionally  associated  with  the 
erectile  tissue  of  the  external  genitalia  and  these  erectile 
tissues  are  again  functionally  dependent  on  the  ovaries  and 
testes.  Also,  the  neuro-circulatory  disturbances  that  may 
accompany  the  normal  or  the  artificial  menopause  in  women 
may  incidentally,  involve  the  vascular  system  in  the  ear, 
nose  and  throat.  However,  these  seem,  at  least  at  present, 
to  be  insig-nificant  relations  of  the  gonads  to  the  ear,  nose 
and  throat  physiology,  and  pathology  and  affords  no  war- 
rant for  the  introduction  of  an  indiscriminate  organother- 
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apy  of  ear,  nose  and  throat  with  ovarian  and  testicular 
products.  Possibly  mention  should  also  be  made  of  the 
prevalent  view  that  in  some  way  the  physiological  in- 
volution of  the  ovaries  and  testes  are  responsible  for  old 
ag-e.  that  is  to  say,  that  aging  is  caused  by  the  gradual 
failure  of  the  ovaries  and  testes.  If  that  is  the  case,  one 
might  reasonably  expect  that  the  deafness  that  frequently 
comes  on  with  aging  might  also  be  due  to  failure  of  the 
gonads.  This  view  regarding  the  gonads  as  a  "fountain  of 
youth"  is  not  well  founded.  There  is  aging  in  plants  and  in 
animals  that  have  no  gonads.  The  phenomena  of  aging  in- 
volves the  tissues  and  organs  in  general  and  is  far  more 
fundamental  than  the  rather  superficial  and  specific  in- 
fluence of  the  gonads,  although,  of  course,  from  the  point  of 
view  of  the  maintenance  of  the  race  the  gonads  are  es- 
sential. 

The  Adrenal  Glands. 

As  we  all  know  the  adrenals  are  really  double  organs 
and  we  have  clear  evidence  of  double  function.  Following 
the  discovery  of  epinephrine,  the  product  of  the  adrenal 
medulla,  over  25  years  ago,  a  great  deal  of  attention  has 
been  given  to  the  function  of  the  medulla  and  the  possible 
role  of  the  product  of  the  medulla,  adrenalin,  in  health  and 
disease.  The  sum  total  of  these  scientific  and  clinical  in- 
vestigations is  this,  that  today  we  appear  to  know  less 
about  the  importance  of  the  adrenal  medulla  than  we 
thought  we  knew  twenty  years  ago.  One  thing  seems  cer- 
tain, that  the  loss  of  the  medulla  of  the  adrenal  is  not  the 
primary  factor  in  producing  the  symptoms  of  Addison's 
disease.  It  is  the  cortex  of  the  medulla  that  is  necessary 
for  life  and  it  is  an  open  question  whether  adrenalin  plays 
any  role  whatsoever  or  whether  it  actually  is  involved  in 
the  production  of  any  disease  symptoms.  But  assuming 
for  the  present  that  adrenalin  does  have  a  physiological 
role,  that  it  is  involved  in  the  maintenance  of  normal  vas- 
cular tone,  capillary  permeability,  blood  pressure,  etc..  is 
tiiere  any  evidence  that  the  excess  of  or  diminution  of  ad- 
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renalin  plays  any  role  in  the  neuro-circulatory  clisturl)ance< 
of  the  ear,  nose  and  throat?  The  evidence  is  certainly  not 
convincing.  In  the  first  place,  while  it  is  true  that  a  clear 
case  of  Addison's  disease  is  rare,  so  far  as  I  know  distur- 
l^ances  of  the  ear,  nose  and  throat  are  not  characteristic 
symptoms  in  definite  Addison's  disease  although  vertigo 
and  ear  noises  may  be  present.  Unfortunately,  the  com- 
])letely  adrenalized  animal  dies  so  quickly  that  such  ex- 
])eriments  gives  us  little  or  no  change  to  discover  or  de- 
velop chronic  disorders  of  any  organ,  least  of  all  the  ear. 
nose  and  throat.  But  it  is  a  fact  that  by  suitable  surgery 
the  adrenal  medulla  may  be  practically  completely  removed 
from  animals,  and  so  far  as  I  know,  these  animals  develop 
no  disturbances  of  the  ear,  nose  and  throat.  Assuming  that 
there  is  such  a  thing  as  hypoadrenalism  (I  doubt  very  much 
that  such  a  condition  exists)  we  have  no  reliable  evidence 
that  such  a  condition  produces  disturbances  leading  to  di- 
seases of  the  ear,  nose  and  throat.  Taking  the  reverse  pic- 
ture assuming  that  acute  or  chronic  excessive  output  of  ad- 
renalin could  produce  circulatory  disturbances,  high  blood 
pressure,  etc.,  may  not  such  conditions  be  causative  factors 
in  intumescence,  in  epistaxis.  in  tinnitus,  etc.  ?  While  we 
admit  the  possibility,  the  evidence  for  it  is  certainly  lacking 
at  present.  And  even  if  the  evidence  was  at  hand,  that  would 
give  us  no  clear  clue  to  the  organotherapy  of  these  dis- 
orders, because  obviously  a  disease  due  to  the  excess  of 
adrenalin  could  not  be  ameliorated  by  giving  more  adre- 
nalin. We  know  no  certain  way  of  depressing  the  adrenal 
medulla.  I  mean,  of  course,  ways  not  injurious  to  the  ani- 
mal or  person.  What  I  have  said  on  this  subject  does  not 
reflect  on  the  use  of  adrenalin  as  a  drug  for  the  control  or 
attempt  to  control  local  hemorrhage  or  local  hyperemia. 
In  this  connection  adrenalin  is  just  as  valuable  and  useful 
as  any  drug  obtained  from  plants.  There  is  no  reason  why 
more  useful  drugs  should  not  be  obtained  from  animal 
tissues.  There  is  no  reason  for  suspecting  that  plants  have 
the  monopoly  on .  the  development  or  synthesis  of  such 
drugs,  but  there  is  a  wide  chasm  between  an  animal  pro- 
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duct  acting  as  a  drug  and  an  animal  product  acting  as  a 
physiological  hormone,  because  the  animal  product  acting 
as  a  drug  is  not  necessarily  produced  as  a  physiological  or 
pathological  agent  in  the  intact  animal. 

The  Pancreas. 

That  marked  failure  of  the  endocrine  function  of  the 
pancreas  induces  diabetes  was  established  by  experiments 
on  dogs  thirty  years  ago.  And  thirty  years  of  research, 
mainly  on  the  dog,  has  given  us  "insulin."  In  well  advanced 
diabetes  there  is  impairment  of  tissue  repair,  and  decreased 
resistance  to  infection.  But  I  am  not  aware  that  diabetes 
shows  an  unusually  high  percentage  of  ear,  nose  and  throat 
infections,  enlarged  adenoids,  tonsils,  etc.  But  such  in- 
significant facts  should,  of  course,  not  discourage  us  from 
putting  pancreas  extracts  into  the  pluriglandular  pie,  we 
are  advised  to  feed  to  our  patients. 

The  Hypophysis. 

Our  knowledge  of  the  physiology  and  pathology  of 
the  hypophysis,  like  that  of  the  adrenals,  has  advanced 
backwards  during  the  last  ten  years.  Yes,  it  has  advanced 
backwards  in  a  certain  sense  to  such  a  great  extent  that 
very  little  of  what  Gushing  wrote  in  his  monograph  on 
the  physiology  and  pathology  of  the  hypophysis  fifteen 
years  ago  has  stood  the  test  of  scientific  and  clinical 
analysis  during  the  intervening  years.  The  following  facts 
seem  clear.  Disorders  of  the  ear.  nose  and  throat  are  not 
necessary  or  characteristic  sequelae  of  either  Froehlich's 
syndrome  or  acromegaly.  Froehlich's  syndrome  is  supposed 
to  be  due.  and  there  is  some  evidence  of  its  being  due  to 
impairment  of  the  hypophysis,  particularly  the  anterior 
lobe.  Acromegaly,  on  the  other  hand,  is  supposed  to  be 
due  to  the  hyperactivity  of  the  anterior  lobe  of  the 
hypophysis.  Deafness  and  tinnitus  ma}'  accompany  acro- 
megaly. The  latter  may  be  due  to  vascular  disturbances 
from  the  high  intracranial  pressure.  The  cause  of  the 
defective  hearing  seems   more   obscure. 
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It  is  a  further  fact  that  complete  removal  of  the 
hypophysis  in  experimental  animals  does  not  bring  on 
necessary  or  characteristic  disorders  of  the  ear,  nose  and 
throat.  Continued  and  excessive  feeding  of  anterior  lobe 
substance  in  experimental  animals,  old  or  young,  produces 
no  distinct  lesions  or  diseases  of  the  ear,  nose  or  throat. 
These  being  the  admitted  facts,  what  reason  is  there  for 
X-raying  the  hypophysis  in  deafness  ;  or  feeding  any  patient 
with  lesions  in  the  ear,  nose  and  throat  with  hypophysis 
extracts  ?  In  the  first  place,  we  have  in  the  product  of  the 
posterior  lobe  of  the  hypophysis,  pituitrin,  an  interesting 
and  useful  drug,  interesting  and  useful  more  in  the  field 
of  obstetrics  than  in  otolaryngology,  but  pituitrin  properly 
administered  has  an  action  on  the  circulatory  system  and 
the  heart,  and  may  therefore  have  some  action  in  neuro- 
circulatory disturbances  of  the  ear,  nose  and  throat.  Apart 
from  that  we  have  nothing  but  some  guesses  and  some 
curious  and  unconvincing  reports  in  the  medical  literature. 

Now  let  us  examine  some  of  these  reports.  Citelli 
reports  favorable  results  from  giving  hypophyseal  extracts 
in  chronic  sinusitis.  Wilson  treats  intumescence  success- 
fully with  pituitary  extracts.  Stokes  has  published  two 
papers  (Am.  Jour.  Electrother,  and  Radiol.  1923)  in  which 
he  has  outlined  a  method  for  X-raying  the  pituitary  gland 
in  certain  types  of  deafness,  with  the  usual  reports  of 
favorable  effects  in  a  high  percentage  of  cases.  The 
patients  included  cases  of  otosclerosis.  Let  us  examine 
his  methods  and  results  in  the  light  of  facts  and  reason. 
Dr.  Stokes  says.  "The  ductless  glands  are  generally  con- 
ceded to  be  regulators  of  metabolism  and  it  is  fair  to 
assume  that  the  pituitary  gland  is  the  head-end  of  the 
endocrine  gradient,  and  is  active  in  the  regulation  of 
metabolism  in  the  brain  and  its  various  receptor  mechan- 
isms." We  have  no  quarrel  with  these  assumptions,  except 
for  the  slight  discrepancy  that  there  is  at  present  no 
evidence  that  the  pituitary  gland,  directly  or  indirectly, 
governs  the  metabolism  of  either  the  brain  or  its  receptors. 
But  Dr.  Stokes  finds  comfort  and  support  in  the  clinical 
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literature  from  the  fact  that  "electronization  has  been  of 
conspicuous  benefit  in  many  conditions,  other  than  impaired 
hearing,  such  as  epilepsy,  infantile  paralysis,  anosmia, 
hypertension,  neuralgia,  convalescene  from  infectious 
diseases,  etc."  He  further  says,  "In  electronization  we 
neither  stimulate,  nor  do  we  inhibit,  and  certainly  we  do 
not  destroy.  What  we  accomplish  is  more  in  the  nature 
of  rejuvenation  or  equilibration ;  we  restore  the  acid-alkali 
balance  in  cell  protoplasm,  and  as  might  be  expected, 
barring  unforseen  accidents,  the  results  in  the  majority  of 
cases  are  relatively  permanent."  This  would  be  a  detectable 
piece  of  pure  nonsense,  except  that,  coming  from  a 
physician,  it  reflects  on  us  all.  "When  we  X-ray  the 
hypophysis"  we  neither  stimulate,  nor  do  we  inhibit,  but 
certainly  we  do  not  destroy  it  but  we  rejuvenate  and  restore 
the  equilibration  of  the  acid-alkali  l)alance  in  the  cell 
protoplasm."  Rejuvenation,  that  is  the  catch-word  of  the 
day !  Now  I  would  like  to  state  that  careful  experiments 
by  Ivy  and  OrendorfT  on  the  question  of  whether  the  X-ra}- 
in  any  strength  or  any  duration  of  application  is  capable 
of  actually  stimulating  a  gland  has  so  far  proved  absolutely 
negative.  X-rays  in  quantities  that  affect  glands  seems 
to  depress  or  destroy  them  without  primary  stimulation. 
At  present,  therefore,  on  the  basis  of  demonstrated  facts 
the  use  of  X-ray  to  stimulate  hypoactive  glands  is  not  only 
empirical  but  contrary  to  facts.  But  let  us  go  further  in 
the  reports  of  Dr.  Stokes.  He  does  many  other  things  to 
his  patients  besides  X-raying  the  hypophysis.  "The  patients 
are  given  a  general  overhauling,  their  hygiene  investigated 
and  corrected ;  they  are  referred  to  an  operating  aurist 
for  surgical  conditions.  Many  show  evidence  of  endocrine 
imbalance,  others  are  mildly  toxic,  and  frecjuently  the  colon 
is  at  fault,  these  are  referred  for  caecal  irrigation  and  the 
proper  drainage  of  the  digestive  tract.  This  is  followed  b}- 
the  use  of  the  Morse  Wave  Generator."  "At  the  second 
visit  the  X-ray  treatment  is  preceded  by  mild  diathermy 
through  the  auditory  region,  followed  by  mild  high  fre- 
quency.    This   is    followed   by    inflation   with    a   nebulizer. 
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The  next  step  is  mild  pneumo-vibration,  through  the 
index  finger,  which  is  inserted  into  the  external  audi- 
tory meatus.  At  this  point  various  other  measures  are 
employed,  if  indicated,  such  as  vibration  of  the  region 
of  the  vertebra  prominens.  or  high  frequency  in  that 
region,  or  both,  or  the  diathermic  massage  of  Turrell.  (It 
is  not  stated  whether  it  is  the  first  cervical  or  the  last 
caudal  vertebra  which  is  being  vibrated).  In  chronic 
catarrh,  ultra  violet  light,  water  cooled  lamp,  quartz  appli- 
cators, are  used  in  the  larynx  or  pharynx  or  both.  Where 
there  is  stiffness  or  soreness,  or  possibly  a  neuralgic  con- 
dition, the  deep  therapy  lamp  is  used.  Then  follows  the 
X-ray  treatment  and  the  sitting  is  completed  by  an  exposure 
to  the  air  cooled  quartz  lamp  of  40  seconds  on  each  side  of 
the  head."  After  all  this  general  over-hauling  and  hokus 
pokus.  the  better  hearing  said  to  be  reported  by  his  patients 
are  ascribed  to  a  rejuvenation  and  restored  acid-alkali 
balance  produced  by  the  X-ray  acting  on  the  hypophysis ! 
"O  Tempora !  O  Mores !"  After  a  critical  study  of  these 
reports  of  Dr.  Stokes  one  wonders  what  influence  the  late 
Dr.  Abrams  had  in  the  introduction  of  this  selective  "elec- 
tronization"  of  the  hypophysis  in  the  deaf. 

I  may  note  that  Jaulin,  Schwartz,  Orloflf,  Frey  and 
Kriser  have  reported  on  the  application  of  the  X-ray  to 
internal  ear  in  otosclerosis.     The  results  are  conflicting. 

In  this  connection  I  would  like  to  remark  that  in 
attempting  to  X-ray  the  h3pophysis  it  is  probably  impossible 
to  completely  exclude  the  internal  ear  from  the  X-ray  field. 
On  the  theory  that  otosclerosis,  or  at  least  some  cases  of 
otosclerosis,  is  due  to  hypertrophy  or  abnormal  growth  of 
cartilage  or  new  bone  in  the  internal  ear,  X-raying  the 
internal  ear  might  arrest  otosclerosis  by  the  destructive 
action  of  the  X-ray  on  these  cells.  Assuming  the  cartilage 
hypertrophy  theory  as  the  genesis  of  otosclerosis,  the  X-ray 
of  the  internal  ear  as  an  empirical  therapy  of  those  con- 
ditions, particularly  if  started  early  in  the  disease,  seems 
worthy  a  thorough  investigation  and  trial,  but  let  us  not 
render  our  profession  ridiculous  by  pretending  that  shoot- 
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ing  the  X-ray  in  the  general  direction  of  the  hypophysis 
produces  "rejuvenation  and  restoration  of  the  acid-alkali 
balance  in  the  cells  of  the  hypophysis,"  and  in  consequence 
of  this  restores  hearing. 

The  Parathyroids. 

The  parathyroid  glands  are  endocrine  organs  of  very 
great  importance  in  normal  life.  The  relation  of  these 
glands  to  constitutional  diseases  is  probably  far  more 
complex  that  at  present  realized,  but  just  how  the  failure 
of  the  gland  produces  disease  is  an  open  question.  There 
is,  however,  no  clear  evidence  that  hypofunction  or  hyper- 
function  of  the  parathyroids  are  factors  in  the  hitherto 
recognized  diseases  of  the  ear,  nose  and  throat,  even  if  we 
admit  that  the  parathyroids  are  involved  in  bone  and 
calcium  metabolism.  But  there  are  those  who  recommend 
and  report  cures  of  such  diseases  by  parathyroid  organ- 
otherapy, despite  the  fact  thatj  we  cannot,  at  present,  cure  or 
control  parathyroid  tetany  by  parathyroid  organotherapy. 
Kriser  has  reported  on  X-raying  the  parathyroid  glands  as 
a  therapeutic  measure  in  otosclerosis.  It  is,  of  course, 
impossible  to  radiate  the  parathyroids  without  at  the  same 
time  radiating  the  thyroids.  Harrower  has  recently  sent 
out  a  little  pamphlet  entitled  "New  and  Strange  Uses  for 
Parathyroid  Therapy."  I  welcome  the  "new  and  strange" 
when  supported  by  facts  and  reason.  These  new  and 
strange  uses  include  parathyroid  organotherapy  for  chronic 
otitis  media,  and  sinusitis.  I  quote  :  "from  a  physician  in 
San  Jose,  Calif.,  who  himself  has  been  suffering  from  a 
chronic  frontal  sinusitis  for  years  and  says,  T  will  state 
that  about  one  month  ago  I  started  taking  your  Para- 
thyroid Co.  to  see  if  I  could  influence  a  chronic  frontal 
sinus  condition  that  has  persisted  for  several  years.  Al- 
though I  am  not  well  I  am  satisfied  that  I  have  imf^roved, 
as  I  have  not  had  an  acute  flare-up  of  the  trouble  during 
the  past  month  and  the  discharge  has  decreased.'  This  is 
no  proof  of  a  cure  but  it  is  a  hint  of  a  "new  and  original 
method    of    prospective    benefit."      Prospective    benefit    to 
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Dr.  Harrower,  of  course.  In  fact  it  sounds  like  the  lingo 
of  a  Los  Angeles  real  estate  agent.  I  quote :  "Several- 
workers  have  already  found  that  a  chronic  running  ear  of 
years'  standing  may  respond  to  this  treatment,  provided 
the  conditions  are  not  acute  and  there  is  no  need  for  the 
release  of  pent-up  pus.  Many  cases  have  responded  mir- 
aculously to  parathyroid  therapy,  for  practically  all  the 
cases  thus  treated  have  l)een  "wet"  for  a  number  of  years." 
I  agree  with  Harrower  that  the  cure  of  chronic  otitis 
media  and  of  chronic  sinusitis  with  parathyroid  feeding 
would  be  nothing  short  of  miraculous,  but  are  we  ready 
to  go  back  to  the  age  of  miracles? 

Novak  and  Hollender  (Jour.  Amer.  Med.  Assn.,  1923, 
LXXXI.  2003)  have  reported  a  study  on  the  effects,  of 
calcium  lactate  and  thyroid  extract  treatment  of  hay  fever, 
asthma  and  hyperesthetic  rhinitis.  They  claim  that  the 
calcium  content  of  the  blood  is  frequently  low  in  such 
patients.  These  observers  report  no  improvement  from 
administration  of  calcium  lactate  alone.  Calcium  lactate 
plus  thyroid  extract  is  said  to  produce  temporary  relief. 
Calcium  lactate  plus  thyroid  extract  plus  mercury  vapor 
quartz  light  is  said  to  produce  more  permanent  relief. 
Without  questioning  the  clinical  findings.  I  must  remark 
that  reliable  data  on  blood  calcium  are  difficult  to  secure  ; 
that  the  relation  of  the  parathyroids  or  the  thyroids  to 
the  blood  calcium  or  to  general  calcium  metabolism  is 
still  unsettled ;  that  the  evidence  for  hypothyroidism  or 
hypoparathyroidism  as  a  causative  factor  in  rhinitis,  hay 
fever  and  asthma  is  as  yet  extremely  doubtful.  It  is  true 
that  one  of  the  early  symptoms  of  parathyroid  deficiency 
or  parathyroid  tetany  in  dogs  is  irritation  of  the  nasal 
mucous  membrane  and  repeated  sneezing.  This  may  sug- 
gest hay  fever  and  rhinitis.  I  am  inclined  to  ascribe  these 
nasal  and  respiratory  parathyroid  deficiency  symptoms  in 
dogs  as  due  to  vascular  changes  in  the  mucous  membranes 
secondary  to  the  disturbance  in  the  irritability  of  motor 
and  sensory  nerves.  Moreover  these  nasal  and  respiratory 
symptoms  accompanying  parathyroid   tetany   in   dogs   are 
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quickly  and  completely  controlled  by  oral  administration 
of  large  doses  of  calcium  lactate. 

The  Thyroid. 

We  come  now  to  the  most  important  and  at  the  same 
time  most  difficult  field  in  the  possible  relation  of  endo- 
crine glands  to  disorders  of  the  ear,  nose  and  throat. 
There  is  today  ample  evidence  that  the  thyroid  hormone 
influences  the  metabolism  of  practically  every  cell  in  the 
body,  directly  or  indirectly,  so  that  when  we  have  suf- 
ficient hypofunction  of  the  thyroids  we  have  general 
metabolic  impairment  of  the  tissues.  This  results  in 
cretinism  in  the  young  and  myxedema  in  the  adult,  with 
attendant  disorders  of  growth,  mentality,  sex,  etc.  Now 
it  would  seem  a  priori  probably  that  a  hormone  like  the 
thyreoiodine  which  has  such  far-reaching  effects  should 
also  influence  the  tissues  of  the  ear,  nose  and  throat  and 
that  failure  or  diminution  of  this  hormone  in  the  body 
might  produce  serious  disturbances  in  the  field  of  your 
speciality.  Now,  just  what  are  the  facts?  On  the  experi- 
mental side  these  may  be  summed  up  as  follows : 

Complete  removal  of  the  thyroid  in  young  but  other- 
wise healthy  animals  produces  cretinism.  Complete  re- 
moval of  the  thyroids  in  the  adult  but  otherwise  healthy 
animal  will  lower  the  metabolism  but  does  not  necessarily 
produce  the  myxedema  characteristic  of  man,  but  neither 
in  experimental  cretins  nor  in  thyroidectomized  adult 
animals  do  we  necessarily  have  deafness,  adenoids,  hyper- 
plasia of  the  tonsils,  intumescence,  epistaxis,  otitis  media, 
mastoiditis,  otosclerosis,  or  any  of  the  other  recognized  and 
definitely  described  diseases  of  the  ear,  nose  and  throat. 
It  is,  however,  true  that  in  experimental  cretin  animals 
there  is  decreased  resistance  to  infection  and  to  that 
extent  hypothyroidism  may  favor  ear,  nose  and  throat 
infection,  and  to  that  extent  the  feeding  of  thyroid  may, 
by  increasing  the  resistance  to  infection,  tend  to  ward  off 
or  diminish   such  infections   of  the   ear,   nose   and   throat. 

With  this   statement  of  the  experimental  facts,  what 
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are  the  facts  in  man?  You  are,  of  course,  well  aware  that 
in  some  regions  of  the  world  cretinism  and  myxedema  are 
endemic.  In  these  regions  obviously  a  good  percentage 
of  the  ear,  nose  and  throat  ailments  will  occur  also  in 
cretin  and  myxedematous  individuals.  In  fact,  that  is  to  be 
expected  even  in  cases  of  sporadic  cretinism  and  myxedema 
in  our  own  country.  The  question  is,  are  such  infections 
or  other  disturbances  of  the  ear.  nose  and  throat  of  a 
higher  incidence  in  cretins  or  myxedematous  individuals 
than  in  the  rest  of  the  population  of  the  community? 
Evidence  for  causal  relation  of  hypothyroidism  to  ear,  nose 
and  throat  infections  may  also  be  gathered  indirectly  by 
seeing  to  what  extent  such  ear.  nose  and  throat  pathology 
can  be  favorably  influenced  by  thyroid  feeding  since  we 
know  that  hypothyroidism  can  l)e  largely  overcome  by 
suitable  thyroid  organotherapy. 

Permit  me  to  quote  Falta  on  this  point :  "The  state- 
ments as  to  disturl)ances  of  hearing  in  sporadic  cretinism 
are  very  diverse.  The  assumptions  as  to  the  cause  of  these 
diverge  greatly.  It  is  certain  that  the  absence  or  in- 
sufficiency of  the  thyroid  may  lead  to  disturbances  of 
hearing.  I  refer  to  the  results  of  thyroid  medication  that 
are  often  obtained  in  a  striking  manner  in  these  cases. 
It  is  just  as  certain,  however,  that  with  complete  failure 
of  the  thyroid  gland  the  organ  of  hearing  may  be  com- 
pletely developed  from  birth  on.  Hence  what  is  under 
dispute  is  only  how  to  explain  the  disturbances  that  occur 
in  some  cases."  Then  Falta  goes  on  to  recite  the  various 
theories  that  have  been  advanced  such  as  myxedematous 
swelling  of  the  mucous  membrane  of  the  tympanum,  the 
Eustachian  tube,  etc.  I  again  quote :  "There  remains 
however,  the  circumstance  that  in  complete  absence  of 
the  thyroid  gland  from  birth,  deafness  does  not  always 
develop,  and  we  have  cases  of  true  thyroaplasia,  that  is, 
complete  absence  of  the  thyroid,  that  have  normal  hear- 
ing." "Also  I  should  not  neglect  to  mention  that  in  the 
numerous  dogs  on  which  I  myself  performed  thyroidec- 
tomy, and  on  which  later  exact  investigation  disproved  any 
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existence  of  accessory  thyroids,  there  were  never  to  be 
observed  perceptible  mutism  even  after  a  period  of  ob- 
servation lasting  up  to  two  years.  The  question  still  needs 
careful  study."  These  observations  of  Falta  on  hearing 
in  thyroidectomized  dogs  are  corroborated  by  observa- 
tions of  Drs.  Luckhardt  and  Dragstedt  in  our  own  labora- 
tory. We  have  had  completely  thyroidectomized  dogs  in 
our  laboratory,  at  least  fifty  of  them,  for  periods  varying 
from  a  few  months  to  two  years  after  operation,  with  no 
evidence  of  failure  of  hearing  or  development  of  any  other 
abnormalities  of  the  ear.  nose  and  throat. 

In  a  recent  paper  by  Schatz  reference  is  made  to  the 
report  in  the  literature  of  epistaxis  and  bleeding  of  the 
gums  as  being  frequent  in  cretinism  and  myxedema.  In 
endemic  cretinism  in  various  countries  the  percentage  of 
deafness  is  sometimes  given  as  high  as  87%  (McCarrison). 
In  some  cases  this  seems  to  be  due  to  developmental  defects 
of  the  internal  ear.  Other  writers  have  ascribed  asthma, 
rhinitis,  catarrh,  etc..  to  hypothyroidism.  Enlargement  of 
the  tonsils  and  adenoids  have  also  been  ascribed  to  hypo- 
thyroidism while  headaches  and  migraine  with  ear  noises 
have  by  some  been  associated  with  hyperthyroidism  or 
Graves'  disease. 

Harrower  manufactures  and  recommends  (naturally) 
"adenopituitary  compounds,"  and  "pancreatin  bile  com- 
pounds" in  the  treatment  of  asthma.  He  also  speaks  of  the 
"condiment  influence  of  the  thyroid  gland."  and  adds : 
"A  pluriglandular  formula  that  has  some  thyroid  in  it 
is  very  much  more  efficient  thera])eutically  than  when  no 
such  addition  is  made." 

Wilson  (N.  Y.  Med.  Jour..  1923.  CXVII.  425)  states 
that  treatment  with  lymph  glands  will  in  most  cases  reduce 
to  normal  size  chronic  enlarged  tonsils  and  adenoids.  The 
same  author  finds  a  combination  of  lymph  glands  and 
thyroid  extract  also  effective  in  enlarged  tonsils  and 
adenoids.  Well,  gentlemen,  lymph  glands  are  plentiful  and 
cheap ;  enlarged  adenoids  and  tonsils  are  not  uncommon ; 
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it  should  not  take  long  to  prove  or  disprove  the  curative 
value  of  a  lymph  gland  diet  in  these  disorders. 

Sajous  conjectures  that  the  deafness  of  old  age  is 
caused  by  thyroid  and  adrenal  insufficiency.  Callion  has 
suggested  that  progressive  deafness  is  due  to  combined 
hypofunction  of  the  thyroids  and  testes.  Schatz  thinks 
that  the  thyroids  and  adrenals  are  also  involved.  Thus 
by  a  series  of  guesses  the  basis  is  laid  for  pluriglandular 
organotherapy  for  deafness.  Schatz  reports  a  cure  of 
tinnitus  due  to  middle  ear  catarrh  as  well  as  a  cure  for 
chronic  discharging  sinusitis  by  the  feeding  of  thyroid 
extract.  This  is  within  the  range  of  the  possible,  although 
I  believe  that  unless  the  hypothyroidism  in  the  patient  is 
sufficiently  marked  to  cause  distinct  symptoms  of  my- 
xedema or  cretinism  the  resistance  to  infection  in  the 
ear.  nose  and  throat  would  not  be  sufficiently  altered  so 
that  the  disease  would  be  positively  influenced  by  thyroid 
feeding.  However,  it  is  possible  that  even  if  the  thyroids 
were  functionally  normal  the  temporary  stimulation  of  the 
general  metabolism  by  thyroid  feeding  might  have  a  favor- 
able effect  on  ear.  nose  and  throat  infection. 

So  far  as  we  can  see  at  present  the  thyroid  is  the  onlv 
endocrine  gland  and  the  only  field  of  organotherapy  that 
calls  for  a  serious  survey  and  investigation  from  the  point 
of  view  of  possible  relations  to  the  infectious  diseases  of 
the  ear,  nose  and  throat,  even  in  cases  where  distinct 
cretinism  and  myxedema  is  absent. 

Thirty  years  of  patient  research,  experimental  and 
clinical,  has  given  us  thyreoiodine.  thyroxin,  and  insulin. 
And  in  the  case  of  the  glands  where  the  hormones  have  so 
far  eluded  isolation,  honest  and  patient  research  has  added 
much  to  our  knowledge  of  their  relations  to  health  and 
disease.  On  the  other  side  of  the  ledger  we  have  even  more 
numerous  entries  of  wild  guessing,  uncritical  empiricism, 
post  hoc  reasoning,  and  blattant  humbug.  Thus  it  has 
come  about  that  the  serious  worker  in  this  field  is  facing 
not  only  the  difficulties  inherent  in  a  fundamental  and 
complex  phase  of  the  life  processes,  but  his  vision  is  ob- 
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scured  by  the  dense  fog  of  pseudo  scientific  and  pseudo 
medical  literature.  "The  Age  of  Reason"  seems  as  far 
away  as  the  ''millenium."  Organotherapy  is  being  jazzed, 
to  the  confusion  of  many  honest  doctors.  It  is  literally 
true  that  extracts  of  every  tissue  in  the  body  has  been 
used  to  cure  every  known  disease.  And  the  success  of 
such  therapy  is  attested  by  the  "crucible"  of  some  kind 
of  a  clinic.  Just  read  the  testimonials !  Nothing  seems 
easier  than  to  elaborate  new  cures  for  human  ills.  But 
we  all  die  anyhow,  and  the  historian  adds  chapter  after 
chapter  on  the  "cures  that  failed."  The  best  thing  under 
the  circumstances  is  to  ignore  the  jazz  and  proceed  with 
our  work.  Perhaps  we  should  add  to  our  program  "the 
endocrine  asj^ect"  of  credulity,  mendacity,  and  plain  blufif. 
or  what  about  "electronization"  of  the  frontal  lobes  of  the 
cerebrum  for  some  of  this  mental  and  ethical  imbalance? 
Perha])s  some  brain  extract  might  do  wonders,  especially 
if  we  went  to  the  horse  rather  than  to  the  sheep  for  the 
raw  material,  and  more  es])ecially  if  we  shared  these  brain 
tablets  with  our  patients  on  the  50-50  basis. 

Discussion 

Dr.  Charles  H.  Lawrence  (by  invitation).  I  wish  that 
Dr.  Carlson's  presentation  might  be  put  in  some  of  our 
popular  publications  rather  than  confined  to  medical  jour- 
nals. His  views  are  very  refreshing  and  it  would  be  good 
for  the  Public  to  have  an  antidote  for  the  propaganda 
which  is  now  being  fed  them. 

For  the  past  year,  I  have  been  at  work  at  the  Evans 
Memorial  in  Boston  in  an  attempt  to  find  whether  there 
was  anything  real  in  endocrinology  or  not.  With  Dr. 
Rowe  who  handles  the  chemical  end,  I  have  been  carrying 
on  clinical  research  to  determine  what  derangements  of 
vital  function  were  associated  with  definite  endocrine  dis- 
orders and  to  examine  patients  with  obscure  conditions 
to  see  whether  they  showed  similar  metabolic  derange- 
ments.   Thus  far  we  have  examined  447  patients. 
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In  each  case  a  careful  history  was  taken,  complete 
physical  examination  was  performed.  Wassermann.  X-ray, 
blood  and  urine  examinations  were  carried  out  as  a  routine. 
If  any  organic  disease  was  found,  no  attempt  was  made 
to  establish  a  diagnosis  of  endocrine  disorder.  If  organic 
disease  could  be  eliminated,  further  tests  were  performed 
in  an  attempt  to  detect  derangement  of  metabolism  and 
function. 

These  tests  included  the  metabolic  rate,  complete  an- 
alysis of  the  blood  and  urine,  determination  of  the  vital 
capacity,  alveolar  carbon  dioxide,  kidney  function,  and 
such  special  tests  as  seem  indicated  in  each  case.  We 
have  come  to  the  conclusion  that  no  single  test  is  of  any 
use  in  the  diagnosis  of  early  endocrine  disorders  but  that 
the  results  obtained  from  a  series  af  various  tests  will 
show  rather  characteristic  derangement  of  function  when 
endocrine  disorder  is  present. 

I  wish  to  heartily  second  Dr.  Carlson's  remarks  as  to 
pluriglandular  therapy.  In  our  series,  only  6%  of  patients 
have  given  evidence  of  failure  of  more  than  one  gland, 
and  in  many  of  these,  the  pluriglandular  situation  was  due 
to  surgery. 

As  regards  the  relation  of  the  internal  secretions  to 
the  ear.  we  have  examined  44  cases  of  deafness,  diagnosed 
by  the  referring  physician  as  otosclerosis  and  have  found 
definite  evidence  of  deranged  metabolism  in  59%.  Of 
these  9  or  21%  were  typical  of  pituitary  disfunction.  3 
or  7%  of  thyroid  failure,  and  6  or  14%  were  associated 
with  evidence  of  ovarian  hypofunction.  In  some  of  these 
patients  who  have  been  under  my  own  observation,  there 
has  been  an  improvement  in  hearing  with  the  use  of  large 
doses  of  the  proper  glandular  extract. 

The  most  striking  case  was  that  of  a  girl  with  Froe- 
lich's  syndrome  who  has  shown  an  improvement  of  15% 
in  one  ear  and  20%  in  the  other  while  under  treatment. 
She  has  also  lost  40  pounds. 

Otosclerosis  is  rather  an  indefinite  diagnosis  as  it  is 
commonly  used,  but  our  findings  indicate  a  relation  between 
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that  form  of  deafness  and  the  metabolic  derangements  due 
to  impaired  function  of  certain  internal  secretions. 

We  intend  to  carry  this  work  further  and  hope  to  have 
more  definite  results  to  report  at  a  later  date. 

Dr.  Eugene  A.  Crockett,  Boston :  I  should  like  to 
second  Dr.  Lawrence's  suggestion  that  more  publicity 
should  be  given  to  Dr.  Carlson's  paper  than  would  be 
received  in  our  annals.  I  think  that  the  attention  of  two 
of  our  members,  who  are  Trustees  of  the  A.  M.  A., 
should  be  drawn  to  this  matter  so  that  more  publicity  can 
be  obtained.  I  agree  with  everything  that  Professor 
Carlson  said  and  I  listened  to  him  with  great  pleasure. 

In  Dr.  Laurence's  report,  one  point  struck  me,  and 
that  was  that  9  per  cent  had  labyrinthine  involvement. 
I  don't  ever  remember  seeing  a  case  of  involvement  of 
the  static  labyrinth  with  otosclerosis.  I  think  there  must 
have  been  some  condition  other  than  otosclerosis,  but  I 
am  open  to  conviction  on  the  subject.  There  may  be  a 
slightly  affected  labyrinth,  but  not  absolutely  dead. 

Dr.  Harris  P.  Mosher,  Boston :  I  think  this  is  a  very 
constructive  and  instructive  paper.  It  seems  to  me  that 
they  are  doing  serious  work  at  the  Evans  Memorial,  but 
that  it  is  up  to  us  to  send  them  cases  with  the  diagnosis 
correctly  made.  There  was  nothing  said  to  Dr.  Laurence 
about  the  heredity  of  these  cases,  but  that  is  not  his  fault, 
it  is   ours. 

Dr.  Norval  H.  Pierce,  Chicago :  Otospongiosis  is  a 
definite  pathological  entity  and  the  diagnosis  can  be  made 
with  a  good  deal  of  certainty.  In  cases  of  uncomplicated 
otospongiosis  there  have  been  no  inflammatory  changes 
in  the  cavum  and  the  middle  ear  mucosa  is  normally  healthy. 
There  may  be  mixed  cases,  and  the  oto-sclerotic  ear  may 
become  the  site  of  infection,  but  usually  the  middle  ear  is 
healthy.  The  diagnosis  depends  upon  a  healthy  tympanic 
membrane,  a  patulous  tube,  and  upon  loss  of  the  low 
tone  limit  and  some  loss  of  the  high  tone  limit,  a  marked 
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negative  Rinne.  and  a  marked  increase  in  the  Weber- 
Schwabach.  It  does  not  require  much  memory  to  memor- 
ize these  facts.  As  to  the  matter  of  experience,  we  know- 
that  most  men  regard  all  progressive  deafness  as  oto- 
spongiosis. If  we  want  to  record  the  effect  of  any  drug 
or  treatment  on  oto-spongiosis.  we  must  first  standardize 
the  diagnosis  in  everyone's  mind. 

Dr.  E.  B.  Dench,  Xew  York :  With  regard  to  oto- 
sclerosis. Dr.  Pierce  follows  the  line  of  Neumann  who 
called  attention  to  the  fact  that  many  cases  are  diagnosed 
as  otosclerosis  which  are  not  true  cases  of  rarifying 
osteitis  of  the  temporal  bone.  In  Vienna  the  number  of 
cases  of  true  otosclerosis  was  exceedingly  small.  I  think 
uncomplicated  otosclerosis  is  often  diagnosed  as  a  com- 
bination of  other  conditions.  I  believe  the  diagnosis  of  oto- 
sclerosis is  often  made  too  cpiickly  by  the  otologist  and 
that  they  condemn  too  many  people  to  progressive  deaf- 
ness and  if  you  follow  the  case  you  find  they  have  made 
a  mistake. 

With  regard  to  Professor  Carlson's  remarks  about 
various  extracts  I  remember  a  family  doctor  brought  me 
a  patient  absolutely  deaf  in  one  ear,  with  fair  hearing  at 
times  in  the  other  ear.  but  at  other  times  the  good  ear 
would  be  almost  entirely  deaf.  She  was  a  neurasthenic 
about  40  years  old.  We  should  hardly  expect  the  changes 
of  the  menopause  to  occur  about  that  time.  I  said  that 
treatment  would  be  useless,  but  he  told  me  that  she  had 
gotten  well  on  ovarian  extract.  I  think  a  pure  water 
hypodermic  would  have  had  the  same  result.  In  regard 
to  the  pituitary  body.  I  am  glad  to  hear  these  remarks. 
A  certain  practitioner  in  Washington  has  been  making 
marvellous  claims  about  the  use  of  the  X-ray  upon  the 
pituitary  body.  I  made  tests  in  the  use  of  the  X-ray  at 
St.  Luke's,  with  Dr.  Wood's  help,  in  a  limited  number  of 
cases. — 12,  and  we  got  no  improvement  in  hearing,  in  one 
case  a  tinnitus  was  relieved. 

I  attended  a  meeting  of  the  Electrotherapeutic  Society 
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where  Dr.  Stokes  read  a  paper  and  his  colleagues  criticised 
him  on  the  ground  that  the  dose  he  used  was  so  weak  that 
it  would  not  affect  a  photographic  plate,  much  less  reach 
the  pituitary. 

Dr.  F.  L.  Jack,  Boston :  If  I  understood  Professor 
Carlson  right, — he  said  that  the  X-ray  had  some  effect 
on  the  mastoid  cells,  and  on  hypertrophic  fibrous  conditions 
of  the  middle  ear,  but  none  on  the  pituitary.  I  have  the 
report  of  80  cases  treated  by  the  Stokes  method  with 
negative  results,  although  the  patients  declared  they  could 
hear  better,  as  did  their  friends  and  relatives.  This  im- 
provement seemed  to  be  psychological,  as  hearing  tests 
were  the  same  before  and  after  the  use  of  the  X-rays. 

Dr.  L.  W.  Dean,  Iowa  City :  Not  long  ago  Dr.  C.  C. 
Bunch  treated  a  certain  number  of  cases  of  profound 
deafness  with  X-ray.  In  all  eight  cases  were  treated ;  two 
were  cases  of  otosclerosis,  six  were  cases  of  hyperplastic 
middle  ear  disease.  Before  using  the  X-ray,  a  test  of  the 
hearing  was  made  using  the  audiometer.  The  examinations 
showed  no  evidences  of  improvement ;  all  the  patients  were 
subjectively  better.  Then  we  treated  two  cases  of  pro- 
found hysterical  deafness.  One  was  treated  with  theX-ray. 
He  secured  wonderful  improvement  in  hearing;  measured 
with  the  audiometer  it  was  normal.  The  second  patient 
was  treated  with  slight  galvanic  current  instead  of  the 
X-ray  and  showed  the  same  beneficial  result.  What  Dr. 
jVIosher  said  is  the  crux  of  the  whole  matter — the  essential 
otological  diagnosis  must  be  made  before  we  state  what 
the  results  of  treatment  are. 

Dr.  Robert  Sonnenschein.  Chicago :  There  are  two 
points  that  might  be  mentioned :  first,  as  to  blood  calcium 
content, — the  speaker  said  that  the  methods  of  determina- 
tion of  blood  calcium  are  not  well  standardized,  but  is 
held  to  be  normally  9-11  mg.  per  100  cc.  of  blood.  In 
clinical  work  Novak  claimed  that  in  hyperesthesic  rhinitis 
and  in  some  cases  of  hay  fever  there  was  lowered  blood 


DISCUSSION.  741 

calcium,  and  that  calcium  In-  mouth  helped  these  cases. 
In  other  examinations  made  for  us  in  another  laboratory 
there  was  no  lowered  calcium  content  found  in  quite  a 
series  of  cases  of  hyperesthesic  rhinitis  and  some  cases  of 
hay  fever.  Does  calcium  act  as  a  depressant,  as  the 
bromides  for  example  ?  I  would  like  to  ask  if  the  para- 
thyroid is  easily  separated  from  the  thyroid  or  if  the  sub- 
stance is  mixed  with  thyroid  preparations  usuall}^  found 
on  the  market? 

Professor  A.  J.  Carlson  (closing)  :  I  have  come  all 
the  way  from  Chicago  to  learn  sometbing.  I  have  no  ax 
to  grind  and  no  animosity  in  my  statements,  but  if  Dr 
Stokes  were  my  blood  brother  and  had  uttered  such  absur- 
dities, I  should  have  handled  him  just  the  same.  I  should 
expect  no  mercy  if  I  had  made  an  equal  ass  of  myself.  I 
think  that  he  has  injured  the  cause  of  science  in  the  world. 

I  was  interested  in  Dr.  Laurence's  statements  as  to 
the  percentage  of  ear,  nose  and  throat  involvement  in  a 
definite  percentage  of  endocrine  cases,  although  the  estab- 
lishment of  a  parallel  does  not  prove  a  causative  connection. 
The  Turks  wear  a  peculiar  fez  and  pray  to  Allah,  but  the 
fez  is  not  the  cause  of  Mohammendanism.  You  will 
find  a  percentage  of  ear.  nose  and  throat  cases  in  every 
imaginable  endocrine  disturbance.  Particularly  is  this  true 
in  cases  where  the  whole  condition  is  traceable  to  defects 
in  the  germ  plasm.  Then  we  shall  find  parallelism  without 
causal  relationship.  I  was  interested  in  the  remark  as  to 
results  with  hypophyseal  feeding.  I  don't  doubt  the  facts 
but  I  think  further  analysis  should  be  done.  Everyone 
knows  that  Cushing  found  it  impossible  to  do  anything 
with  hypophyseal  feeding  in  the  Froelich  syndrome  cases. 
Engelbach  states  that  in  experimental  animals,  only  in 
ver}'  exceptional  cases  was  there  improvement.  In  young 
boys  and  girls  one  cannot  tell  whether  they  Avould  have 
improved  or  not  during  adolescence.  Smith  and  Evans  in 
California  have  reported  results  with  intramuscular  and  in- 
tradermal injections  of  hypophysis  lobe  substance,  but  not 
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with  feeding-.  I  think  the  method  should  be  further 
analyzed.  I  am  pleading  for  that  kind  of  clinical  work, 
because  that  will  get  us  results. 

If  you  are  not  certain  about  the  diagnosis  to  start  with 
in  otosclerosis,  if  the  diagnosis  is  guess  work,  no  matter 
how  careful  your  work  is,  your  results  will  never  be 
stronger  than  your  first  premises. 

In  regard  to  Dr.  Sonnenschein,  there  is  very  little 
calcium  and  a  great  amount  of  organic  matter  in  the 
blood,  and  the  titration  methods  are  only  relatively 
reliable.  A  diflference  of  half  a  drop  will  make  a  great 
difference  in  results^  We  have  worked  for  a  long  time  on 
the  blood  calcium  and  have  obtained  a  great  many  parallel 
results  and  then  something  happens  which  throws  the 
experiments  out.  I  do  not  question  the  clinical  statements 
at  all  but  we  must  be  careful  in  drawing  conclusions  on 
quantitative  determinations  of  blood  calcium.  What  does 
calcium  lactate  do  ?  It  is  depressing  as  a  drug :  It  may 
act  on  the  gut  to  change  the  permeability  of  the  gut.  It 
may  have  many  other  effects,  it  is  a  difficult  question  to 
answer.  As  to  the  separation  of  the  thyroid  and  para- 
thyroid, there  is  always  some  parathyroid  material  because 
the  parathyroids  are  imbedded  in  the  thyroids,  but  the 
amount  is  small,  I  don't  think  it  means  anything.  There 
are  no  clinical  results  with  parathyroid  therapy.  There  is 
much  foolishness  perpetrated  as  parathyroid  therapy.  I 
should  not  be  sure  of  parathyroid  tissue  unless  I  made  the 
section  histologically,  but  in  commercial  laboratories,  ])oorly 
paid  workers  do  the  work  on  the  tissues.  Thyroid  extract 
has  an  effect  on  everybody  under  all  conditions,  in  the  way 
of  stimulation  of  metabolism.  Whether  that  is  desirable 
or  not  is  another  question.  It  is  certainly  a  metabolic 
stimulant. 

Thyroid  is  present  in  many  pluriglandular  mixtures,  and 
that  suggests  to  the  sophisticated  that  this  is  the  active 
agent.  Thyroid  extract  does  something,  but  I  don't  think 
we  are  justified  in  saying  that  to  increase  metabolism  in 
all  diseases  is  a  desirable  thing.  This  is  for  the  future  to 
decide. 


OTOSCLEROSIS:  HOW  SHALL  WE  SOLVE  THE 
PROBLEM  ? 

By  ARTHUR  B.   DUEL.  M.   D.,   New  York  City. 

Reviewing  the  progress  in  Otology  during  the  past 
three  or  four  decades,  one's  attention  is  focussed  upon  the 
advance  in  the  surgery  of  infections  of  the  middle  ear, 
mastoid  process,  and  labyrinth,  and  their  intracranial  com- 
plications ;  upon  the  revelations  in  the  physiology  and 
pathology  of  the  internal  ear ;  upon  the  marked  improve- 
ment, both  in  preventive  and  curative  measures,  employed 
in  the  treatment  of  the  catarrhal  forms  of  deafness ;  upon 
the  better  understanding  of  toxic  forms  of  deafness,  and 
disturbances  of  the  static  sense  from  neuritis  of  the  eighth 
nerve ;  upon  the  improved  appliances  employed  as  aids  to 
the  very  deaf :  upon  the  constructive  efforts  to  teach  lip- 
reading  to  the  hopelessly  deaf. 

However,  when  we  consider  the  subject  of  otosclerosis, 
— the  bane  of  the  Otologist ;  the  ogre  that  haunts  innumer- 
able families,  producing  incurable  progressive  impairment 
of  hearing,  just  at  an  age  when  the  best  that  is  in  an 
individual  is  called  for ;  a  menace  which  hangs  like  a  sword 
of  Damocles  over  them  for  the  balance  of  their  lives,  threat- 
ening not  only  their  own  happiness  and  usefulness,  but  also 
that  of  their  children,  and  their  children's  children — we 
stand  baffled  by  our  limited  knowledge  of  its  etiology  and 
pathology ;  and  chagrined  at  the  ineffectual  efforts  em- 
ployed in  its  treatment. 

This  scourge,  while  not  a  fatal  malady,  is  so  subtle 
and  unrelenting ;  has  embittered  so  many  lives ;  has  pro- 
duced such  untold  unhappiness.  that  it  ranks  as  one  of 
the  great  evils  man  has  to  endure. 

What  has  been  learned  about  otosclerosis? 

It  is  not  the  object  of  this  paper  to  do  more  than 
sketch  the  outlines  of  the  subject. 
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Etiologically:  It  is  g-enerally  admitted  that  otosclerosis 
is  hereditary,  and  tha.t  it  follows  the  Mendelian  laws  of 
heredity.  Exceptions  to  Mendels  laws  in  the  transmission 
of  this  defect  are  only  apparent,  owing  to  the  impossibility 
of  carrying  out  observations  on  humans  as  one  does  in 
other  animals.  This  idea  becomes  more  evident  when  we 
consider  the  fact  that  only  an  occasional  ovum  in  any  given 
member  of  the  human  species  is  impregnated.  Hence  the 
difficulty  of  substantiating  the  law  that  "only  one  in  three  of 
the  offspring  resultant  upon  the  union  of  a  normal  and  a 
defective  can  inherit  a  dominant  defect."  The  law  being 
invariable,  contemplation  of  the  fact  that  only  chance  ova 
are  impregnated  in  the  lifetime  of  the  mother,  reveals  the 
possibility  that,  on  the  one  hand,  all  the  ova  impregnated 
may  have  been  those  in  which  the  germ  plasm  transmitting 
the  defect,  was  present ;  or,  vice  versa,  it  might  therefore 
follow  that  in  any  family  with  only  one  otosclerotic  parent, 
all  offspring  might  exhibit,  or  be  free  from,  the  defect ; 
or  there  might  be  any  combination  of  normals  and  de- 
fectives. However,  when  both  parents  are  otosclerotic. 
in  which  case,  following  the  law,  all  offspring  should  show 
the  defect,  the  law  holds  good. 

Pathologically :  We  have  learned  that  otosclerosis 
manifests  itself  by  a  spongification  of  the  bony  labyrinthine 
capsule  with  formation  of  islands  of  rarefaction  in  any 
part  of  that  structure. 

The  deafness  is  mechanical,  resulting  from  obstruction 
of  sound  waves  to  the  cochlea.  The  eighth  nerve  itself  is 
not  affected.  In  occasional  cases  there  may  ht  an  added  loss 
of  function  from  nerve  impairment.  It  has  been  thought 
that  this  was  occasioned  by  degeneration  from  non-use. 
This  is  only  a  theoretical  inference  and  may  not  be  the 
cause.  It  seems  to  me  more  probable  that  in  the  cases 
where  there  is  a  concomitant  nerve  impairment,  the  lesion 
is  a  peri-neuritis,  arising  from  focal  abscesses  in  teeth,  ton- 
sils, accessory  sinuses,  etc:  or  from  gastrointestinal  putre- 
faction, any  of  which  may  give   rise  to   toxic  poisoning. 
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This  may  happen  in  any  individual  with  or  without  otos- 
clerosis. The  fact  that  this  nerve  impairment  occurs  ^t 
any  time  early  or  late  in  the  course  of  otosclerosis,  and  in 
individuals  having  foci  of  infection  causing  other  forms  of 
neuritis,  lends  weight  to  the  inference. 

Barring  the  occasional  concomitant  nerve  impairment, 
the  loss  of  hearing  in  otosclerosis  varies  with  the  size 
and  position  of  the  areas  of  rarefaction.  Fixation  of  the 
stapes  accompanying  areas  of  rarefaction  around  the  oval 
window  produces  the  more  marked  forms  of  deafness. 

The  process  appears  in  adult  life  only,  in  very  ex- 
ceptional cases  just  after  puberty ;  frequently  in  the  early 
twenties,  but  generally  around  twenty-five ;  and,  again 
frequently,  in  middle  age.  It  seems  very  probable  that 
the  cases  with  very  late  manifestations  may  have  had 
small  areas  of  spongification,  hardly  large  enough  to  pro- 
duce a  degree  of  impairment  sufficient  to  call  attention  to 
it.  and  the  victim  only  appeared  for  examination  later  on, 
when  larger  areas,  or  areas  in  proximity  to  the  oval  win- 
dow, produced  a  noticeable  loss  of  function. 

Hence,  as  far  as  we  can  see  the  pathological  evidence 
points  to  a  developmental  change  in  the  petrous  portion  of 
the  temporal  bone.  In  the  literature  one  frequently  finds 
it  referred  to  as  a  developmental  change,  in  that  particular 
bone,  which  normally  should  be  arrested  in  adult  life,  but 
which  pathologically  occurs  in  individuals  to  whom  the 
defective  tendency  has  been  transmitted. 

It  is  not  an  acquired  defect.     It  is  always  inherited. 

Rcmedially :  We  have  learned  that  our  efforts  to  arrest 
the  progress  of.  or  to  restore  the  lost  function  resulting 
from,  a  genuine   otosclerosis,  are  nearly  always   fruitless. 

I  do  not  mean  that  there  is  no  virtue  in  securing  the 
best  physical  and  hygienic  conditions ;  or  in  the  treatment 
of  concomitant  catarrhal  conditions ;  or  in  arresting  a  con- 
comitant toxic  neuritis ;  but  I  do  mean  that  none  of  the 
measures   generally    employed   in    the    treatment    of   otos- 
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clerosis  can  confidently  be  expected  to  influence  the  pro- 
gress  of   the   disease. 

TJicorctically :  It  is  idle  for  the  moment  to  theorize 
on  the  pathogenesis  of  this  condition ;  it  is  unexplored 
territory ;  a  virgin  field  for  research.  One  can  scarcely 
visualize  how  many  lines  of  endeavor  converging  on  the 
goal  may  have  to  be  pursued.  Statistics,  heredity,  embryo- 
logy, physiology  and  pathology,  human  and  comparative, 
chemistry,  physics,  problems  of  infection,  diet,  internal 
secretions,  sensitization,  and  a  multitude  beside. 

For  success  the  study  must  be  intensive,  continuous 
and  correlated,  with  every  advantage  that  well  organized 
modern  research  can  aflford.  Time  limit  should  not  enter 
into  such  a  problem  and  every  opportunity  for  expansion 
should  be  afforded. 

So  much  will  the  success  of  such  an  effort  depend  on 
the  sympathy  and  active  cooperation  of  Otologists  as  a 
body  that  I  venture  to  submit  for  your  consideration  the 
following  plan. 

Constructively:  1.  That  the  American  Otological  So- 
ciety sanction  the  solicitation  of  a  Fund  for  Otological 
Research  and  the  Eradication  of  Otosclerosis. 

2.  That  this  fund  be  solicited  by  and  placed  under  the 
direction  of  some  well  organized  institution,  which  has  a 
self  perpetuating  body  who  would  administer  it  in  the 
effective  way  I  have  indicated.  Adequate  laboratory 
facilities  should  be  provided,  and  an  advisory  board  selected 
from  scientists  throughout  the  country  working  along  any 
lines  of  research  which  might  bear  upon  the  subject. 

3.  That  a  report  of  progress  be  made  in  writing  to 
the  Council  of  the  American  Otological  Society  at  each 
annual  meeting,  and  at  their  discretion  read,  in  whole  or  in 
part,  before  the  Society. 

4.  That  discoveries  of  great  value  be  published  to  all 
Otologists  both  in  this  country  and  abroad  so  that  the 
world  may  reap  the  benefit. 

To  carry  out  this  work  in  an  unhampered  way  a  fund 
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of  $500,000.00  should  be  raised.  Should  this  not  be  forth- 
coming at  once,  however,  it  might  be  inaugurated  by  a  fund 
from  subscribing  members  from  whom  small  yearly  sub- 
scriptions might  be  solicited  to  carry  on  the  work,  and 
who  in  return  might  receive  such  bulletins  or  other  litera- 
ture as  the  administrators  saw  fit  to  publish. 

In  this  literature  publications  of  statistics  along  eu- 
genic lines  might  be  sent  out,  forcefully  pointing  to  the 
possibilities  of  breeding  out  defects  which,  with  our  present 
knowledge,  cannot  be  stamped  out,  and  which  might  be 
potent,  in  the  course  of  years,  in  at  least  preventing  many 
intermarriages  of  members  of  families  in  which  otos- 
clerosis exists. 

A  century  from  now  eugenics  may  hold  such  a  sway 
that  otosclerosis  along  with  insanity,  epilepsy,  and  many 
other  transmissable  defects  may  be  wiped  out.  We  may. 
however,  long  before  that — even  within  the  ken  of  every 
one  present  at  this  meeting — by  our  increased  knowledge 
of  the  controlling  influence  of  the  endocrines  on  growth, 
have  rendered  eugenics  unnecessary  in  preventing  deafness 
from  otosclerosis. 

This  hope  may  be  too  Utopian,  but  we  should  not  be 
deterred  in  starting  because  we  do  not  see  the  goal.  The 
first  runner  in  a  relay  race  is  as  important  as  the  last. 

Someone  has  said,  "He  who  plants  a  tree,  plants  for 
posterity."  May  we  not  plant  a  tree  today  which  will  be- 
come a  great  boon  to  coming  generations? 

Carrying  out  this  plan,  if  successful,  does  not  mean 
glory  to  any  individual,  to  any  group,  to  any  institution, 
but  to  the  American  Otological  Society,  where  its  inception 
will  take  place  today  if  you  sanction  the  project. 

Discussion. 

Dr.  Duel  said  that  his  plan  embraced  the  institution  of 
laboratories  with  facilities  for  research  work  on  patients 
along  the  lines  of  endocrinology,  metabolism,  blood  chem- 
istry, pathology,  and  any  other  line  which  should  appear 
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to  have  l^earing  on  the  subject.  The  best  available  man 
to  have  charge  of  this  work  should  be  selected,  and  he 
should  have  technicians  of  high  repute  working  under  him. 
A  reliable  statistician  should  be  obtained  to  gather  statis- 
tics, tabulate  them  and  keep  card  records.  In  regard  to 
the  financing  of  this  project,  the  speaker  had  already  ap- 
proached heads  of  large  foundations  and  had  received 
flattering  assurances  of  support  to  carry  on  the  work  in 
the  best  possible  way.  Wealthy  people  had  also  been 
approached  who  were  personally  interested,  or  concerned 
as  regards  their  families,  with  the  question  of  otosclerosis, 
and  good  offers  had  been  made  of  contributions  to  the 
fund. 

It  would  seem  advisable  that  three  different  classes 
of  contributors  should  be  made:  (1)  Founders,  who  should 
put  $5000.  or  more  into  the  fund,  the  interest  of  which 
money  should  be  used;  (2)  Contributors,  those  giving 
$1000  or  more  and,  (3)  Subscribers,  or  members  of  the 
profession,  interested  enough  to  subscribe  five  or  ten  dol- 
lars yearly  to  the  work.  To  all  of  these  classes  bulletins 
would  be  sent,  reporting  the  progress  of  the  work.  Many 
of  the  men  would  doubtless  have  patients  interested  enough 
to  make  subscriptions. 

As  to  the  personnel  of  the  staff  doing  the  research 
work,  that  would  be  under  the  charge  of  a  committee  ap- 
pointed by  the  Otological  Society. 

Dr.  Edmund  P.  Fowler  said  that  the  scope  of  the  work 
should  include  publicity  enough  to  prevent  ignorant  people 
from  falling  into  the  hands  of  quacks  who  advertised  in 
the  newspapers.  At  present  there  was  no  way  to  combat 
this,  except  by  word  of  mouth. 

Dr.  Eugene  A.  Crockett  said  that  he  had  a  tacit 
promise  of  $5000  a  year  for  5  years  from  the  Trustees  of 
the  Massachusetts  General  Hospital,  and  laboratory  facili- 
ties at  the  Harvard  Medical  School.  It  might  be  possible 
to  get  the  Trustees  to  cooperate  with  another  institution 
or    with   the    general    fund.      Otosclerosis    was    a   general 
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problem,  all  over  the  country  and  called  for  united  effort. 
He  thought  it  should  be  definitely  stated  that  the  fund 
was  for  research  on  otosclerosis  and  no  other  subject. 
The  cause  might  be  discovered. 

Dr.  Duel  said  that  these  gifts  were  made  by  subsidy 
for  a  number  of  years,  as,  for  instance,  one  foundation  had 
given  money  for  the  study  of  pyorrhea  for  some  years 
until  the  question  was  threshed  out.  There  should  be  suffi- 
cient money  to  maintain  a  laboratory  under  the  direction 
of  the  xA.merican  Otological  Society. 

Dr.  Philip  Hammond  said  that  the  Evans  Memorial 
had  available  an  immense  sum  of  money,  also  modern  hos- 
pital and  laboratory  equipment,  sufficient  to  care  for  25 
patients.  All  kinds  of  metabolic  diseases  could  be  studied 
at  length  under  these  facilities.  The  director  of  this 
laboratory  had  a  paper  on  the  program  of  this  meeting, 
dealing  with  endocrine  disorders,  and  could  be  approached 
on  the  matter.  He  was  not  only  willing,  but  eager  to  co- 
operate in  the  matter.  The  available  annual  income  exceeds 
$500,000. 

Dr.  F.  L.  Jack  said  that  this  fund  was  left  to  a  home- 
opathic hospital. 

Dr.  Hammond  said  that  many  regulars  sent  patients 
there  and  that  he  felt  the  question  was  too  broad  to  be 
narrowed  down  to  any  one  school  of  medicine. 

Dr.  Shambaugh  said  that  he  had  interested  the  Re- 
search Council  in  this  subject  and  that  the  General  Educa- 
tional Board  had  given  $7000  for  10  years  for  research  on 
pathology  of  the  middle  and  internal  ear,  under  direction 
of  Dr.  Hopkins. 

Dr.  Xorval  H.  Pierce  said  he  was  delighted  at  last  to 
see  "the  log  rolling,"  and  it  looked  as  if  light  might  be 
thrown  on  this  horrible  disease.  While  it  was  true  that 
the  natural  head  of  this  research  should  be  the  American 
Otological   Society,  yet  the   work   would  have  to  be  done 
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all  over  the  country.  For  instance,  if  the  endocrine  system 
of  young-  otosclerotics  was  to  be  studied  it  must  be  done 
at  the  nearest  center,  not  in  Boston,  New  York  or  Chicago. 
The  only  real  need  was  for  a  center  at  which  to  study 
pathology.  No  great  advance  would  be  made  by  studying 
old  osteoi)orotic  bones,  but  new  bones,  with  beginning 
patholog-y  must  be  studied.  Experimental  work  would 
come  in  here,  dealing  with  changes  in  the  lower  animals 
which  simulated  changes  in  the  human  labyrinth.  The 
line  of  work  should  include  experimental  and  pathological 
studies,  biochemistry,  and  a  complete  history  of  the  sub- 
ject up  to  the  present  time.  There  should  be  one  central 
institute  for  pathological  investigation,  the  staff  consisting 
of  men  especially  trained  in  bone  pathology.  The  details 
would  be  threshed  out  on  the  floor.  The  main  point  upon 
which  all  appeared  agreed  was  that  if  $500,000  were  placed 
at  the  disposal  of  the  Society,  in  perpetuity,  it  should  be 
accepted.  Dr.  Pierce  said  that  being  from  Missouri,  he 
wanted  to  know  whether  this  was  really  the  case.  He 
favored  the  suggestion  that  Dr.  Duel  be  placed  on  the 
Committee. 

Dr.  Thos.  J.  Harris  said  that  the  matter  still  appeared 
to  be  in  a  some  what  vague  status,  and  he  believed  the  Com- 
mittee should  sift  out  the  evidence  on  these  encouraging 
offers  as  outlined  by  Drs.  Crockett  and  Hammond,  and 
formulate  a  plan  thereon,  then  present  it  for  ratification  to 
the  Council  of  the  Society.  This  would  be  undoubtedly  the 
biggest  step  forward  ever  taken  by  the  Otolog"ical  Society. 

Dr.  Crockett  mentioned  that  the  Huntington  Hospital 
had  offered  him  all  temporal  bones  from  autopsies,  for 
study.  The  deafness  in  polycythemia  was  similar  to  oto- 
sclerosis, and  when  treated  by  radium  showed  marked  im- 
provement. Radiation  of  the  spleen  brought  the  white 
blood  cell  down  from  300.000  to  25,000  and  corrected  the 
nystagmus  and  vertigo  due  to  involvement  of  the  static 
labyrinth.  This  seemed  to  open  up  a  field  for  endocrine 
investigation. 
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Dr.  L.  W.  Dean  said  that  it  would  take  more  than 
money  to  obtain  results.  It  mattered  little  whether  the 
investigation  were  carried  on  in  New  York  or  Boston,  in 
a  barn  or  in  a  palace,  the  essential  thing  was  the  right 
man.  The  world  should  be  combed  for  the  best  bone 
pathologist  available,  and  if  he  were  not  forthcoming, 
money  would  not  do  the  work. 

Dr.  Pierce  said  he  was  in  favor  of  having  a  large  com- 
mittee and  doing  the  work  on  lines  as  broad  as  possible. 

Dr.  Dench  then  made  a  motion,  which  was  duly 
seconded  and  carried  that  the  matter  be  referred  back  to 
the  Committee  with  power. 


A   CASE    OF   ACUTE    MASTOIDITIS    COMPLICATED 
BY  HYSTERICAL  DEAFNESS   AND   ABNORMAL 

REACT]  OXS. 

By  T.  L.   SAUNDERS,  M.  D.,   New  York  City. 

Eleanor  G — ,  a  poorly  nourished  girl  of  about  13  years 
of  age,  was  admitted  to  the  New  York  Eye  and  Ear  Infir- 
mary, Dec.  25,  1923;  with  the  diagnosis  of  acute  mastoiditis 
of  the  right  side.  Her  parents  gave  the  history  that  on  Oct. 
10th,  following  a  cold  in  the  head  the  patient  had  an  abscess 
in  the  left  ear,  which  after  being  incised  cleared  up  in  10 
days.  October  20th,  1923  she  had  an  abscess  in  the  right 
ear,  which  in  spite  of  repeated  incisions  discharged  ofT 
and  on  up  to  the  time  of  admission  to  the  hospital. 

Two  weeks  before  admission  she  complained  of  pain 
behind  the  right  ear,  which  ccjntinued  until  operation. 

Upon  admission  the  patient  showed  marked  tenderness 
and  pain  over  the  right  mastoid ;  a  moderate  purulent 
discharge,  a  red  bulging  drum  membrane  with  moderate 
sagging  of  the  postero-superior  canal  wall.  The  left  ear 
showed  a  drum  membrane  slighly  red  and  thickened,  with 
the  landmarks  visible.  X-ray  showed  a  very  cloudy  right 
pneumatic  mastoid  but  no  evidences  of  breaking  down. 
The  left  mastoid  was  of  a  similar  type  but  only  slightly 
cloudy.  A  smear  of  the  aural  discharge  showed  a  strep- 
tococcus. On  account  of  the  history  of  continued  aural 
discharge,  the  pain  and  mastoid  tenderness,  the  appearance 
of  the  drum  and  auditory  canal  and  the  cloudy  X-ray, 
operation  was  decided  upon. 

On  Dec.  26th,  a  simple  mastoid  was  performed,  dis- 
closing a  marked  pneumatic  development  of  the  mastoid. 
The  pathological  appearance  was  peculiar,  in  the  upper 
half  of  the  process  the  bone  was  soft  and  the  antrum  and 
cells  were  filled  with  gfranulations.     In  the  lower  half  the 
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l:)one  was  harder,  and  the  cells  were  filled  with  a  clear  straxv 
colored   fluid,   somewhat  under  pressure. 

The  post  operative  period  was  uneventful  save  for  the 
fact  that  the  patient  complained  more  or  less  of  vertigo. 
On  about  the  fifth  day  after  operation  the  author  thought 
he  noticed  a  spontaneous  rotatory  nAStagmus  to  the  same 
side ;  this  was  apparent  only  once,  and  the  vertigo  and 
nystagmus  were  attributed  to  a  slight  vestibular  irritation. 
She  was  discharged  from  the  Hospital  Jan.  14th,  1924. 

On  Jan.  17th  she  came  to  my  office  for  dressing,  ap- 
parently totally  deaf  in  both  ears  ;  communicating  with  her 
mother  by  means  of  a  pad  and  pencil.  Her  mother  said 
that  on  riding  home  from  the  hospital  in  a  taxi  she  com- 
j)lained  of  deafness,  and  awoke  on  the  morning  of  Jan.  15th 
totally  deaf.  Further  she  bitterly  complained  of  pain  and 
tenderness  behind  the  left  ear,  w-hich  was  apparently  nega- 
tive on  physical  examination. 

The  patient  denied  hearing  the  tuning  forks  by  bone 
conduction. 

There  w  as  no  spontaneous  nystagmus,  no  past  pointing 
and  no  ocular  paralysis.  The  pupils  were  equal  and  reacted 
to  light  and  accommodation.  The  cold  caloric  68° F  was 
negative  (with  the  head  30  degrees  forward)  after  five 
minutes  in  both  ears.  However : — Rotation  to  right  10 
times  in  20  seconds  gave  a  nystagmus  to  the  left  40  seconds. 
Rotation  to  the  left  10  times  in  20  seconds  gave  a  nystag- 
mus to  the  right  23  seconds.  This  is  a  complex  supposed 
by  some  to  be  indicative  of  increased  intracranial  tension. 

Rotation  to  the  right  10  times  in  10  seconds  gave  past 
l)ointing  to  the  right  and  a  similar  rotation  to  the  left  gave 
past  pointing  to  the  left.  Rotation  to  the  right  (with  head 
120  degrees  forward)  5  times  in  10  seconds,  to  right-patient 
falls  to  right ;  to  left,  patient  falls  to  left. 

On  Jan.  21st,  these  tests  were  repeated  with  the  follow- - 
ing  apparently  significant  changes  : — 

Caloric  in  right  ear  gives  no  nystagmus.  Caloric 
left    ear   gives    slight    nystagmus    to    the    right    after    five 
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minutes  douching.  Rotation  to  right  10  times  in  10  seconds 
gives  past  pointing  to  right  with  right  arm,  no  past  point- 
ing with  left  arm.  On  rotation  to  left,  past  pointing  to 
right  with  both  arms.  Rotation  to  right  with  head  over, 
falls  to  right ;  rotation  to  the  left,  falls  to  the  right. 

On  account  of  the  perverted  past  pointing  and  the 
persistent  falling  to  right  after  rotation  both  ways,  to- 
gether with  the  history  of  anorexia  and  repeated  vomiting, 
which  was  now  obtained,  the  patient  was  readmitted  to 
hospital  for  observation,  an  intracranial  complication  being 
suspected. 

A  careful  physical  examination  failed  to  disclose  any 
objective  symptoms  of  brain  abscess.  Her  pulse  was  not 
slow,  her  eye  grounds  were  negative  and  her  physical  ap- 
pearance was  not  that  of  a  person  suffering  from  brain 
abscess.  She  still  maintained  that  she  was  totally  deaf  and 
complained  bitterly  of  pain  and  tenderness  behind  the 
left  ear.  She  vomited  at  times  but  only  after  taking  food; 
it  was  not  projectile  in  character.  At  this  time  she  was 
seen  at  my  request  by  Dr.  Fred  Whiting,  who  advised 
against  any  operative  interference  in  the  absence  of  any 
confirmatory  objective  symptoms. 

The  following  day  she  was  seen  by  Dr.  Ramsay  Hunt, 
our  consulting  neurologist,  who  discovered  areas  of  anes- 
thesia on  the  right  side  of  the  body.  We  both  thought  that 
during  her  examination  she  heard  better  than  she  would 
admit.  This  was  definitely  confirmed  when,  later,  follow- 
ing severe  rotation,  she  answered  questions  with  her  face 
away   from   the   questioner. 

On  Jan.  23rd,  the  vestibular  tests  were  again  per- 
formed. Cold  caloric,  right,  gave  nystagmus  to  left  after 
45  seconds,  with  past  pointing  to  right.  Cold  caloric  left, 
gave  nystagmus  to  right  after  2  minutes  ,with  past  point- 
ing to, right.  Rotation,  left  gave  nystagmus  to  right,  20 
seconds.  Rotation,  right,  gave  nystagmus  to  left,  18 
seconds.     Rotation  to  right,  head  forward,  falls  to  right. 
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Rotation,  left,  head  forward,  falls  to  right.    Rotation  right, 
past  points  to  right.    Rotation  to  left,  past  points  to  right. 

SUMMARY 

The  patient  consistently  past  points  and  falls  to  right, 
on  turning  either  way  and  with  the  caloric  on  either  side. 
Soon  after  this  she  w-as  discharged  from  the  hospital  at 
the  request  of  her  parents,  with  the  diagnosis  of  hysteria 
and  with  her  mastoid  almost  healed. 

She  was  taken  to  the  Neurological  Department  of 
Johns  Hopkins  Hospital  where  the  diagnosis  of  hysteria 
was  confirmed  and  where  she  has  been  given  special  treat- 
ment. Her  mother  writes  that  she  has  gained  in  weight, 
but  still  has  periods  of  brooding,  and  her  talk  is  at  times 
depressive  in  character.  As  to  her  present  vestibular 
reactions  I  am  unalile  to  report,  although  I  hope  to  test 
her  in  the  future. 

On  account  of  her  subjective  symptoms  and  on  account 
of  her  peculiar  vestibular  reactions,  the  patient  caused  the 
author  keen  an.xiety.  until  the  diagnosis  of  hysteria  was 
definitely  established.  He  trusts  that  this  somewhat 
lengthy  and  detailed  accf)unt  will  be  of  service  to  those 
members  of  the  Society  who  have  in  the  future  to  deal 
with   similar  cases. 

In  this  case  at  least,  in  spite  of  suspicious  vestibular 
reactions,  it  would  have  been  a  tragic  mistake  to  operate, 
in  the  absence  of  the  classical  objective  symptoms  of  in- 
tracranial involvement. 

Discussion 

Dr.  E.  B.  Dench.  New  \'ork  City :  In  regard  to  ])ara- 
doxical  reactions,  we  get  these  in  cases  where  there  is  no 
suppuration  of  the  ear.  I  have  seen  them  in  otosclerosis. 
I  wish  some  one  would  tell  me  why  we  get  these  cases 
where  the  people  are  perfectly  normal  mentally.  They  are- 
telling  the  truth,  yet  the  reaction  persists.  I  think  past 
pointing  is  the  most  common  paradoxical  reaction.     There 
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is  little  variation  with  the  nystagmus.  I  think  sometimes 
there  is  toxemia,  possibility  of  intestinal  origin,  or  possibly 
disturbance  of  the  ductless  glands.  A  certain  number  of 
these  cases  don't  past  point  as  they  should. 

Dr.  J.  Gordon  Wilson,  Chicago,  111. :  A  point  that 
comes  to  my  mind  is  that  it  is  risky  to  make  a  diagnosis 
on  past  pointing  alone.  When  it  comes  to  past  pointing 
with  nystagmus,  I  don't  think  it  is  possible  to  have  an 
hysterical  nystagmus. 

Dr.  L.  W.  Dean.  Iowa  City :  In  studying  cases  of  func- 
tional deafness  using  the  audiometer  we  have  found  that 
X-ray  treatment  or  galvanic  treatment  will  improve  the 
hearing.  The  curves  after  treatment  become  almost  nor- 
mal. Sometimes  when  the  patient  is  subjected  to  some 
shock  like  that  of  a  hernia  operation  the  deafness  becomes 
much  more  marked  and  the  tonal  range  is  a  very  poor  one. 

Dr.  T.  Laurance  Saunders,  (closing)  :  I  have  nothing 
further  to  add  to  the  discussion.  My  apprehensions  were 
raised  by  the  negative  caloric  tests.  Yet  we  got  nystagmus 
after  rotation.  This  has  been  spoken  of  as  accompanying 
increased  intracranial  tension.  I  don't  think  the  nystag- 
mus was  hysterical  in  origin.  I  said  there  was  no  spon- 
taneous nystagmus.  I  do  not  know  why  she  had  that  per- 
sistent falling  to  the  right.  I  cannot  understand  that.  I 
wrote  this  paper  to  emphasize  this  fact.  I  do  not  think  we 
should  place  too  much  reliance  on  the  rotation  and  caloric 
tests. 

Dr.  Dench :    Was  lumbar  puncture  done? 
Dr.  Saunders  :     It  was  negative. 

Dr.  Wilson :  Neurasthenics  and  hysterics  react  very 
quickly  to  caloric  stimulation. 
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By  J.  M.  IXGERSOLL,  M.D.,  Cleveland,  Ohio,  and  E.  W.  GARRETT,  M.D., 
Medical    Department    of   Western    Reserve    University,    Cleveland.    Ohio. 

Our  patient  was  a  man  forty-five  years  old.  who  had 
had  an  occasional  suppuration  in  each  ear  since  childhood. 
This  had  always  cleared  up  rather  promptly  and  had  not 
afifected  his  hearing  very  much. 

When  we  first  saw  him  in  January  1911.  there  was  a 
slight  purulent  discharge  in  the  right  ear.  with  a  large 
perforation  in  the  inferior  half  of  the  drum  membrane.  The 
suppuration  ceased  in  about  three  weeks  and  he  had  no 
further  trouble  with  the  ear  until  July  1921.  Then  after 
swimming,  suppuration  began  again  in  the  right  ear  and 
continued  intermittently,  but  he  did  nothing  for  it  until 
February  1922  when  he  came  in  complaining  of  neuralgic 
pain  over  the  right  side  of  his  head  extending  back  over 
the  mastoid.  The  discharge  in  the  right  ear  was  moderate 
in  amount  and  was  not  foul.  It  was  serous  in  character 
and  this  is  said  to  be  suggestive  of  malignancy,  by  some 
authors. 

There  was  an  unusual  ridge  in  the  bony  portion  of  each 
auditory  canal  which  suggested  the  possibility  of  an  ano- 
moly  in  the  course  of  the  facial  nerve,  in  as  much  as  the 
ridges  were  symmetrical,  bilateral  and  extended  through 
the  canal  about  parallel  to  the  normal  course  of  the  nerve. 

The  pain  over  the  right  side  of  the  face  and  around 
the  right  ear  increased  and  a  stereoscopic  X-ray  was  taken 
which  showed  a  sclerotic  mastoid  with  a  cholesteatoma  in 
the  antrum.  A  radical  mastoid  operation  was  done,  re- 
moving the  cholesteatoma.  The  granulation  tissue  in  the 
middle  ear  seemed  more  firm  than  usual  and  bled  rather 
profusely  but  this  did  not  arouse  any  suspicion  at  the  time 
of  the  operation.  Because  the  X-ray  picture  had  shown 
no  Cells  in  the  inferior  portion  of  the  mastoid,  the  lower 
half  being  sclerotic  with   no  possibility  of  infection  in   it. 
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this  portion  of  the  mastoid  was  left  untouched.  On  account 
of  the  prominence  in  the  auditory  canal  and  the  apprehen- 
sion in  regard  to  some  anomoly  in  the  facial  nerve,  extreme 
care  was  used  to  avoid  in  any  way  injuring  the  nerve. 

Following  the  operation  the  temperature  was  normal 
and  there  were  no  complications  of  any  sort  until  the  third 
day  when  the  patient  complained  of  discomfort  in  his  throat 
with  some  difficulty  in  swallowing  and  some  hoarseness 
and  there  was  a  slight  paralysis  of  the  right  side  of  the  face. 

The  difficulty  in  swallowing  was  due  to  a  paralysis  in 
the  muscles  on  the  right  side  of  the  palate,  (the  palatine 
branches  from  the  spheno-palatine  ganglion),  and  the 
hoarseness  was  due  to  paralysis  of  the  right  recurrent 
laryngeal  nerve,  the  right  cord  remaining  nearly  in  the 
cadaveric  position.  The  paralysis  of  the  nerves  supplying 
the  right  side  of  the  palate  and  the  larynx,  in  addition  to 
the  paralysis  of  the  right  facial  nerve,  could  not  be 
accounted  for  l)y  any  injury  which  might  have  been  done 
in  the  operation,  nor  could  any  single  central  lesion  involve 
these  three  nerves  alone  and  we  were  com])elle(l  to  account 
for  the  paralysis  by  some  peripheral  lesion  in  the  right  side 
of  the  neck,  although  no  new  growth  in  this  region  could  be 
demonstrated  then. 

The  mastoid  incision  healed  by  first  intention,  but  the 
radical  mastoid  cavity  filled  up  rapidly  with  granulation 
tissue,  which  could  not  be  controlled,  and  it  pushed  out  into 
the  auditory  canal. 

The  exuberant  granulation  tissue  and  the  paralysis  in 
the  right  side  of  the  face,  palate  and  larynx  suggested  a 
malignant  growth  in  the  middle  ear.  extending  inward  along 
the  Eustachian  tube.  The  growth  probably  involved  the 
facial  (VII)  nerve  in  the  middle  ear  and  the  palatine  (V) 
and  vagus   (X)   nerves  outside  of  the  jugular  foramen. 

One  month  after  the  operation  an  abscess  above  the 
superior  pole  of  the  right  tonsil  was  opened  and  this 
abscess  discharged  pus  intermittently  for  several  months. 
At  the  same  time  the  mastoid  incision  became  inflamed  and 
painful  and  fluctuated.    An  incision  here  also  liberated  some 
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pus,  and  a  second  operation  was  done  a  little  over  three 
months  after  the  first  operation.  The  old  incision  was 
opened,  necrotic  bone  below  the  antrum  was  removed  and 
a  sequestrum  about  one  centimeter  square  was  removed 
from  the  posterior,  inferior  portion  of  the  auditory  canal. 

The  tissue  removed  at  this  time  was  examined  micro- 
scopically and  the  pathologist  reported  very  typical  epithe- 
lioma. We  then  decided  to  use  radium  and  X-ray  and  this 
was  followed  by  considerable  improvement.  About  three 
months  later  there  was  a  recurrence  of  the  growth  in  the 
middle  ear  and  a  rather  typical,  irregular,  nodular  mass 
could  be  seen  on  the  right  side  of  the  soft  palate  just  above 
the  tonsil.  This  was  evidently  the  result  of  the  extension 
of  the  malignant  growth  along  the  Eustachian  tube  into 
the  surrounding  tissue  and  the  invasion  of  the  tissue  in 
this  region  accounts  for  the  paralysis  of  the  palatine  and 
laryngeal  nerves.  In  spite  of  X-ray  and  radium  therapy 
the  mass  in  the  middle  ear  reformed  and  the  mass  in  the 
palate  steadily  increased  in  size  and  ulcerated,  presenting 
the   typical   appearance   of   a   malignant   growth. 

The  patient's  general  condition  gradually  grew  worse. 
Swallowing  became  more  and  more  difficult  and  the  pain  on 
the  right  side  of  the  head  more  and  more  severe  until  he 
died,  one  and  a  half  years  after  the  primary  operation. 

It  seems  very  evident  now  that  the  unusual  type  of 
granulation  tissue  found  in  the  middle  ear  at  the  time  of 
the  operation  was  malignant  and  that  probably  at  that  time 
the  bony  tissue  of  the  middle  ear  and  the  Eustachian  tube 
were  involved. 

There  are  only  a  few  cases  of  malignancy  of  the  middle 
ear  reported  in  the  literature.  Junod  of  Basel  says  that 
only  six  cases  of  primary  cancer  of  the  middle  ear  have 
been  found  in  over  twenty-five  years  at  the  Basel  Ear 
Clinic,  among  forty-five  thousand  patients. 

Dr.  John  Guttman  of  New  York  reports  a  case  in  which 
a  squamous  cell  carcinoma  involved  the  middle  and  internal 
ear.  Malignancy  was  not  suspected  in  this  case  until  after 
a    radical    mastoid   operation    had    been    performed.      The 
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symptoms  following-  the  operation  which  aroused  suspicion 
of  malignancy  were  facial  paralysis,  a  continuation  of  the 
discharge  from  the  canal  and  a  swelling  over  the  ear  in 
the  region  of  the  zygoma.    The  patient  died  six  weeks  later. 

Sidney  Scott  of  London  reports  a  case  of  squamous 
cell  carcinoma  invading-  the  auditory  canal  and  the  middle 
ear  in  a  patient  aged  twenty-five.  He  reports  another  in- 
stance in  a  patient  aged  thirty  where  a  squamous  cell  car- 
cinoma arising  from  the  external  canal  involved  the  mastoid 
without  affecting  the  middle  ear. 

Richard  Lake  of  London  reports  a  case  of  sarcoma  of 
the  middle  ear  arising  from  the  Eustachian  tube  in  a  man 
aged  thirty-three.  When  a  radical  mastoid  was  performed 
the  growth  which  had  invaded  the  middle  ear  was  seen 
coming  from  the  Eustachian  tube. 

In  1921  Dr.  Albert  C.  Broders.  of  the  Mayo  Clinic,  pre- 
sented a  paper  to  this  Society  on  "Epithelioma  of  the  Ear." 
He  reported  sixty-four  cases  of  primary  epithelioma  of 
the  external  ear  and  only  one  case  of  primary  epithelioma 
of  the  middle  ear. 

Dr.  W.  H.  Tuckerman  of  Cleveland  has  seen  two  cases 
of  epithelioma  of  the  middle  ear,  but  has  not  published  any 
report  of  them. 

Dr.  S.  H.  Large  of  Cleveland,  has  had  one  case  in  which 
the  autopsy  showed  that  an  epithelioma  involved  the  middle 
and  internal  ear. 

In  all  of  the  cases  reported  in  the  literature,  there  was 
a  chronic  suppurative  otitis  with  granulations  or  polypi  in 
the  canal.  In  those  cases  in  \\4iich  the  dura  was  exposed 
it  was  not  invaded  l:)y  the  malignant  growth.  Surgical 
interference,  radium  and  deep  X-ray  therai:)y  may  retard 
the  development  of  the  growth  and  prolong  the  life  of  the 
patient,  but  in  all  of  the  cases  the  condition  was  fatal. 
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Discussion 

Dr.  Ewing-  W.  Day,  Pittsburgh :  I  can  recall  three 
cases  of  this  type,  two  were  seen  before  radium  treatment 
was  used.  The  first  presented  characteristics  of  old  chronic 
otitis  media.  Malignancy  was  not  suspected.  The  patient 
was  operated  upon,  followed  by  rapid  recurrence  with  in- 
tense neuralgic  pain  and  i)enetration  of  the  dura.  Death 
occured  within  2  months.  Case  two  was  sent  to  me  for 
polyp  of  the  ear.  There  was  a  large  granulating  mass  on 
the  anterior  wall  of  the  middle  ear.  Malignancy  was  diag- 
nosed. The  patient  insisted  on  an  operation.  We  removed 
all  the  bone  of  the  external  canal,  without  any  benefit 
whatever,  and  there  was  rapid  extension  of  the  growth  to 
the  parotid  gland  with  intense  pain.  He  was  kept  under 
morphin  till  death  which  occured  within  3  months.  The 
third  case  was  not  operated  on.  He  was  turned  over  to  a 
radium  specialist  and  there  was  improvement  at  first.  I 
lost  track  of  the  case,  but  got  a  report  some  time  later. 
Within  a  year  radium  appeared  to  have  a  very  definite 
limitative  and  curative  action,  but  it  was  only  temporary. 
The  growth  occured  in  the  deep  structures,  especially  the 
parotid  gland.  A  marked  characteristic  of  the  disease  was 
the  intense  pain,  which  Dr.  Ingersoll  mentioned,  and  which 
required  large  doses  of  morphin  for  alleviation. 
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